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During the last few years, many people have become increasingzy 
concerned about the presence of noise. Noise is, by definition, un­
wanted sound. It becomes apparent at the start that there is a certain 
amount of subjectiveness associated with the evaluation of noise. What 
is music for one person, may be noise for another person who is trying 
to aleepo A level of noise that will cause severe, permanent hearing 
damage to one person, may scarcely affect another person's hearing. 
People differ greatly.in their susceptibility to disturbance or hearing 
damgage produced by a particular sound. It can be said, however• that 
any person should have certain.rights regarding his exposure to noise. 
A. person should be exposed to a m.inilnuDJ.of disturbing noise, and a very 
minimum of noise that could damage hearing. 
People desire more conveniencea<,a.nd better services in all phases 
of life, but they should not be exposed to the increased noise levels 
often associated with these conveniences and services. It might be 
said that these two demands are incompatible, but with proper planning 
and engineering, both demarxis can be realized. City planning and zoning 
will help solve some noise control problems, but many problems ·w111 be 
solved onl3 through engineering analysis and design. 
Iri many areas of society, it is becoming necessary to confront 
noise control problems and attempt to solve them. Culliton (2), reports 
that in industry alone, there have been hearing damage suits amounting 
to an estimated fifteen million dollars in the last fifteen years. In 
the military, noise interferes with communications and causes hearing 
damage. Many military situations are inherently noisy, which makes it 
imperative to initiate .. noise control measures. Cities are also becom­
ing increasingly aware of noise control problems. The number of com­
plaints about excessive noise continues to grow as more people move 
into the urban and suburban areas. 
In agriculture, as in the ci vie , mill tary and industrial areas, 
excessive noise is a problem that must be recognized. Tentative cri­
teria have been established that specify the maximum noise levels that 
people can be exposed to for various time periods without receiving 
permanent hearing damage. In many cases, the noise produced at the 
operator's location by agricultural machines is considerab'.cy above the 
maximum safe level for continuous dail.¥ exposure. The seriousness of 
the problem is further emphasized when it is realized that many young 
men in their teens are operating agricultural machines. The hearing 
damage that they receive will be with them for the rest of their lives. 
In attempting to solve a noise control problem, it is often help­
ful to consider the problem in the framework of a three part system. 
The three components of the system are the source, the path, and the 
receiver. In this investigation, an attempt was made· to characterize 
the noise produced by an agricultural tractor (the source). In char­
acterizing the source, the air (a path) :was ·also used. · No atte�pt·_·was 
made to evaluate the effect of the noise on the operator (receiver), 
alter the pa.th that the noise took in reaching the operator, or 
2 
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-decrease the noise produced by the tractor. A straightforward, versa­
tile, reliable method for characterizing the noise produced by a tractor 
will be valuable in solving the problem of excessive noise associated 
with agricultural machtne$. 
CHAPTER II 
OBJ�TIVES 
The objective of this study was to develop suitable techniques 
for characterizing the noise produced by an agricultural tractor. 
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CHAPTm III 
REVI&I OF LITmA TURE 
Some work has been done in evaluating the hearing loss danger to 
. which agricultural machinery operators are exposed. It bas been only 
recently that fairly definite criteria have been available for deter­
mining the noise exposures that would damage hearing. 
5 
It has long been observed that tractor operators seem to have a 
hearing loss at the 4000 cycle per second frequency. When people are 
exposed to excessively high noise levels, hearing loss often occurs 
first at 4000 cycles per second. This is also true, not only with trac­
tors, but with respect to many other noise sources. Since hearing dam­
age in the 4000 cycle per second area does not affect verbal communi­
cation, it is often not noticed. The hearing damage will, many times, 
not be noticed until it interferes with verbal communication. By that 
time, considerable hearing loss may have occurred. 
Lierle and Reger (8), in 1957, made a study concerning the effect 
of tractor noise on the auditory sensitivity of tractor operators. 
This was a two part study in which both the sound pressure level at the 
operator's location was measured, as well as taking audiograms of trac­
tor operators. Sound pressure levels were measured six inches from each 
of the tractor driver's ears while the tractor was operating under field 
conditions. Eleven tractors were tested. � all cases, the measured 
sound pressure levels were above the criteria levels that were then 
being used. Audiograms were presented for eighty tractor operators. 
. ·\ 
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It was found that the� tractor operators generally had some hearing loss 
above 1000 cycles per second, and considerable loss at 4000 cycles per 
second. In many cases, the loss in sensitivity at 4000 cycles per sec­
or.d was above 15 decibels •. In conclusion, it ·was conservatively stated 
that tractor npise is suffticiently nigh to cause. hear±ng loss. in .. 
individuals· with sensitive ears. 
In 1961, Stevens (9), published a procedure for calculating loud◄ 
I 
ness. Loudness is intended to indicate the subjective response of nor-
mal observers being exposed to noise. 
Jensen (7), in 1965 made use of Stevens'procedure to characterize 
the noise produced by 21 current model tractors. In this study, a test 
booth lined with acoustic tile was used. The tractor was located inside 
the test booth, the engine was ·1oaded, and sound pressure levels in oc­
tave bands were measured at the location of the �eated operator's ear. 
Jensen compared the loudness of these 21 tractors and the loudness of 
the 11 tractors in the 1957 Leirle and Reger study. Results indicated 
that the loudness of the 1957 tractors am the 1965 tractors were essen­
tially equal, even though the horsepower had approximate:cy doubled. 
Jensen indicated that the high noise levels associated with tractors 
may result from custom and customer expectations, rather than from the 
difficulties in quieting the noise. 
In 1961, Glori� (4), published up to date information on dan'.l,lke 
risk criteria arxi noise-induced hearing loss. The material presented 
establishes a fair� sound basis for evaluating the hearing loss danger 
from various noise exposures. In another publication, Glorig (5) 
indicated that sufficient infurution about the energy content ot noise 
may not be provided by root-11ean-square measurements. Glorig believed 
that attempts should be made to measure the instantaneous noise levels 
in addition to root-mean-square values. 
Farrel (3), discussed acoustical specifications relating to build­
izw design. In addition to other points, Farrel indicated that .the 
specification of mechanical equipment noise should be in terms or the 
acoustic power. 
In 1962, the American Standards .Association ( 1) , established a 
standard method for the measurement of sound. Included in this standard 
method is the concept of characterizing a noise source in terms of the 




Sound results from a disturbance at some point in a media. The 
sound is then transmitted through the media in the form of a longi­
tudinal wave, in which the particles of the media move back and.forth 
longitudinally and transfer energy from one to another o From the nature 
of the sound wave, sound is transmitted, without appreciable loss in 
energy, when the media �as mass and elasticity. The mass of the media 
is necessary for the particles to transfer energy from one to another. 
The elasticity allows the sound wave to move through the media without 
large energy losses. 
The manner in which sound·waves move through the media is deter­
mined by the physical properties of the media. In air 1 one of the com­
mon trans:misston media� the transmission properties are speci£ied by 
the temperature and pressure. This simplification is possible because 
air can be considered an ideal ga.s a.t r!ormally encountered conditions. 
A sound can be observed as a periodic w3,riaticm in pressure· above and 
below the mean atmospher�c pressureo The variation in pressure is 
small, so the unit of mea.su:r-ement is usually the rnicroba.r, approximately 
1/1 ,., 000, 000 of an a.tmosphere. In additi.on, the pressure variation is 
usually measured in terms of the root-.mea.n-square sound pressure rather 
than measuring the a.mplitude of the pressure variation o This root-mean­
square sound pressure is :r·ef erred to as simply the sound pressure. Fur­
ther, due to the la-rge range cf ;3ound pressures encountered, a, decibel 
scale is used for exp»essing sound pressures 
where: 
L = 20 log ..IL 
7> 10 P0 
L = the sound pressure level in decibels referenced to p 
p 0 
p = the sound pressure 
p = the reference sound pressure, normally 0.0002 microbar 
0 
9 
In air, if a non-directional sound was being created at some point 
,, 
source, the sound pressure level measured in any direction at a oertain 
spherical radius would be constant in value. Two changes in this sys­
tem are often made. One, the sound is not norma� coming from a pQint 
source; the object creating the sound has some finite dimensions. Sec­
ond, the source usually has sonie directional qualities; that is, it 
radiates more acoustic energy in one direction than in another. If the 
sound initiates f'rom a point source, the sound waves move radiall.1' out­
ward from the source. This movement or the sound waves radiaD3' outward 
is known as spherical spreading. If', however, the noise source has fi­
nite dimensions, the sound waves will initiall1" move in an irregular 
manner, and then af'ter reaching a certain �istance f'rom the object, the 
waves will spread spherically. The object will then appear as it it 
were a point source, which would be the acoustic center. A source that 
.has dir�ctio'nal qualities; will however, continue to. exhibit directivity 
even when vie_wed1 from the !",egion of spherical spreading. 
Since air absorbs little of the energy associated With sound waves· 
being transmitted, the amount of acoustic power being radiated by the 
10 
source can usualzy be measured in the region of spherical spreading. 
This is an important concept, since the acoustic power is usually cal­
culated from one or more sound pressm·e level measurements taken in the 
region of spherical spreadingo If the source were non-directional, the 
sound radiated could be calculated by knowing the sound pressure level 
at one location a certain di.stance from the assumed acoustic center of 
the sowce o The sound pressure level would 9 however 9 need to be meas­
ured in the region of spherical spreading o With a directional source, 
which is more common, the sound pressure would have to be known at a 
number of points on the surface of a sphere that has the assumed acous­
tic center of the source as its centero 
Often it would be awkward and impractical to suspend a large sound 
source in the air so that sound· pressure level measurements could be 
made on the surface of a sphere" In this case
9 
it is pos�dble to set 
the source above a reflecting pla.ne and :nlclke sound pressure level meas­
urements on the surface of a hemi.sphere ., When readings are ma.de above 
a :r-eflecting plane 
9 
the plane i.s considered as part of the s und source 
due to the practical difficul.ty of remov1.ng the efPects of the plane 
from the readings ., The center o.f the hemisphere is located at a point 
on the reflected pl.a.ne directly bel.ow the a.ssurned acoust.: .c center of 
the object producing the noise., For measurements ma.de above a reflect­
ing plane, the point on the reflE-1cting plane is then. ta,ken ,9,s the as­
sumed acoustic center o When measuren:enJ�,s a,:re made above a re.fleeting 
plane, the distance out to the reg:i.ox .. ):f spherical spreading will nor­
mally be greater than if the measu't"ements were made w:i thout the 
reflecting plane. When a series of sound pressure level measurements 
are made on the surface of a hemisphere above a reflecting plane the· 
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microbar over the surface of the hemisphere; this 
average is computed on the pressure squared basis 
= radius of the test hemisphere in feet 
r· 1:. r ·- -, 
_ "1 I r 46 o a{· t 1 2 i � o : 
� l.0 J..Og•10 I ·-· .. ,, ! I L,, I : - � L ...,,, 8 ' B l .,  • ., _j J... .J - -
t == air tem.pera:t re in degrees Fahrenheit 
B = the ba.rometr0ic pressure i.n inches of mercury 
The acoustic power can be c:.mputed from the acoustic power level 
by 
where� 
w I L 2 = li ·
-
1
, = antiloglO l w , lo ..J . 
w = the acou:st · c power in wa,tts 
L -- the a.c us tic power le el V n decibels referenced to 
w2. 
-12 10 W!i.tt 
The directivity index of a . .. ound S"·urce above a reflecting plane 
is given by 
DI = L = L + 3 p p 
11 
where: DI= the directivity index in decibels in a particular 
direction 
L = the sound pressure level in,decibels referenced to p 
]2 
0.0002 microbar measured at a particular location on the 
hemisphere 
L = the mean sound pressure level in decibels referenced to 
p 
0. 0002 rnicrobar over the surface of the hemisphere; this 
average is computed on a pressure squared basis 
The directivity index would normally be computed for each point on 
the hemisphere where sound pressure level readings were taken. A direc­
tivity factor can also be calculatedo 
where: 
Q .1 DI = anti og10 10 
Q = the directi.vity factor in a particular direction 
DI= the directivity in decibels in the same direction 
Thus far, for the purposes of discussion, a single sound pressure 
level measurement at each location has been referred to. This single, 
overall sound pressure reading will sometimes be taken, but often it is 
more useful to measure sound pressure levels in a number of frequency 
bands; considerably more information about the sound source will be ob­
tained. The size of the frequency ba_nds can vary; the smaller the band­
width, the more detailed the information obtained. 
A common bandwidth is cne octave. In this case, the upper cutoff 
frequency is twice the lower cutoff frequency. Many other bandw�dths 
can be used. In order to obtain complete information about ·the sound 
13 
source, the upper cutGff frequency for each band must coincide with the 
lower cutoff frequency for the band above. When a sound is anaqzed in 
frequency bands, the acoustic powers and directivities are calculated 
for each frequency. The total acoustic power is then calculated by 
summing the acoustic powers of the frequency bands that contribute ap­
prec iabl1'. 
Previousq it was mentioned that a series of sow:d pressure level 
measurements would be made on the surface of a hemisphere above a re­
flecting plane. The center of the hemisphere would be located at a 
point on the reflecting plane directly below the assumed acoustic cen­
ter of the sound source. Also, the radius of the hemisphere would have 
to be such that the sound pressure level readings would be taken in the 
region of spherical spreading. ·A series of sound pressure level read­
ings can be taken to find the location of the acoustic center with the 
reflecting plane considered as part of the source. This will also lo­
cate the region of spherical spreading o The sound pressure level read­
ings are taken along a spherical radius at some vertical angle to the 
reflecting plane. The sound pressure level readings are converted to 
the reciprocal of the sound pressure and plotted as ordinates with the 
radial distance from the. assumed acoustic center as abscissa. In the 
region of spherical spreading, the plotted points will lie on a straight 
line. The straight _ line, when extended back towards the origin of the 
axes, will intercept the radial distance axis at a point which indicates 
the projection of the error 1n assuming the acoustic center . In other 
words, the error in locating the acoustic center is projected along the 
2 0 4 3 6 2 
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spherical radius . 
This procedure is then repeated for two or more spherical radii 
approximately perpendicular to the first in order to complete4' specify 
the location of the acousti.c center. 
The procedure can further be repeated for each frequency band of 
interest, since the location of the region of spherical spreading . as 
well as the location of the acoustic center often varies with fre­
quency . 
If it is not necessary to check the location of the acoustic cen­
ter, but only to locate the region where spherical spreading begins , 
the same readings would be taken along a spherical radius and then the 
sound pressure level would be plotted versus log10 (the distances along 
the spherical radius) , using semi-logari thimic graph paper. In the re­
gion of spherical spreading the points will lie on a straight line. 
A final factor to consider is that an outer limit to the region 
of spherical spreading may exist . In other words , after reaching a 
certain distance radia].4r outward from the source, the so\U¥i waves will 
no longer spread spherical:cy,. This effect will often be caused by the · 
ref"lection of sound waves -from nearby objects. This outer region of 
irregular spreading is the reverberant field. 
It was proposed that an agricultural tractor as a noise source 
could be characterized by certain quantitative information. The infor­
mation to be determined was : 
1. Location of the acoustic center for each frequency band of 
interest 
. . 
2 .  Amount of acoustic power radiated by the source for each 
frequency band. 
3. The directivity for each point associated with the power 
measurement o The directivities for each frequency barrl 
would be needed. 
In order to select a radius for the hemisphere , it would also be 
necessary to locate the region of spherical spreading for each fre­
quency ba:rxi . 
15 
A series of measurements were selected in order to obtain the de­
sired information. This series was as follows. 
1. Measure the sou.rd pressure levels at several points along 
each of four radii ema na t ing from the assumed acoustic 
center . 
2 .  Measure the sound pressure levels at several points on the 
surface of a hemisphere o 
3. Measure the sound pressure levels at the location where a 
seated operator • s  head would be. 
The entire series of measurements were taken for engine conditions 
of 8� load arx:l no load. -The purpose of taking these measurements was 
to determine what effects loading has in changing the location of the 
acoustic center, varying the output of acoustic power , and altering 
the pattern of directivity. The horsepower at 80.' load was calculated 
from the full load power take-off horsepower given in the Nebraska 
Tractor Test ( 10) . 
The purpose of measurement number 3 was to make possible certain 
comparisons between this and other investigations; one comparison is 




APPARATUS AND EQUIPMENT 
A Ford 3000 ga.soline tractor was selected as the . noise source. 
The instrumentation used .for measuring and recording the sound pressure 
levels was a microphone and preamplifier, 1/3 octave band analyzer , and 
a graphic level rec order. The microphone picked up the sound . The pre­
amplifier, attached directly to the microphone , amplified the signal to 
prevent ca.ble loss  in transm.-:. .s sion of the signal to the analyzer . The 
analyzer filtered the signal with respect to frequency and the graphic 
level record er plotted the sound press ure level versus frequency. The 
analyzer and recorder a,re shown ::.n Figure 1.  
In order to position the m:icrcphone at the required locations , 
three separate devices were ; sad o FiJ:·st  a tripod was used in making 
sound pressure level measurements at the location where a seated 
operator ' s  head would be o The setup for this measurement is shown in 
Figure 2 o Sec n.d was a. ground st.;ind used for ta.king readings near the 
surface of the reflecting plane . The gr und stand is shown in Figure 3. 
A third device consisted of a. base  O pole , a.nd slider !) Figures 4 and 5 ., 
The microphone was cl.amped to the sli.der . The location of the slider 
along the pole was ad justa.ble II so  ·he · rrd.�rophone could be p s .i tioned 
at different heights above the reflecting surfac e ., The s .  ider incor­
porated an adjustment that allowed the microphone to be tilted such 
.fi,::urc 1 .  One-third Oc tave Band Analyzer and 
Graphic Level Rec order 
18 
Figure 2 .  Microphone in Position for 
ivieasuring Sound Pres sure Level 
at Location of. S eated Operator ' s  
Head 
19 
Figure J . Ground Stand Used for Taking 
Sound Pres sure Level Readings 
1-foar the � t eflecting Plane 
20 
Figure 4 .  J evice Used for Taking S ound 
Pressure Level � � eadings at 
Various Heights Above the 
�eflecting · Plane 
21 
Figure 5 .  C loseup View of the S lider Portion 
of the D evic e Shown in Figure 4 
22 
that the sound waves would always strike the microphone with parallel 
incidence. The height of the microphone above the reflecting surface 
was measured using graduations on the pole . The entire device was 
mounted on casters for ease in movement. 
With respect to the selection of the test environment , the Amer­
ican Sta:rxiards Association makes the following recommendations : 
"J.4. 1. 3 Extent of the Reflecting Plane Outdoors. The 
plane shall extend from the machine under test at least a 
distance A. beyond the farthest microphone position, where 
l , is the wavelength of the sound at the center frequency 
of the lowest frequency band of interest . 
3.4. 1.4 Absorption Coefficient of Reflecting Plane 
Outdoors. The average sound absorption coefficient of the 
reflecting plane shall not exceed 0. 2. Concrete or hard­
top surfaces are believed to meet this requirement amp4". 
J.4. 1.5 Obstacles and R�lecting Surfaces Outdoors. 
As a guide , no such obstacles or reflecting surface should 
be within )/aof the source nor within 1/2or r/�of the micro­
phone positions , whichever is the greater. A is the wave­
length of the sound at the center frequency of the lowest 
frequency band of interest and r is the radius of the 
test hemisphere. 
J.4 .3  Radius of Test Hemisphere. The hypothetical 
hemisphere which is used to determine the space average 
of the sound pressure squared shall be centered about 
the acoustic center of the sound source and its image .  
Its radius shall be at least two major source dimensions 
or tld,.be the average distance of the source from the re­
flecting plane, whichever ia .the larger, but not less than 
2 feet • • • • In case of doubt as to whether the microphone 
positions are all in the far field, a preliminary survey 
is indicated to insure that the microphone positions are 
in the region of spherical divergence. 
J.4.4 Acoustic Center. The location of the acoustic 
center of a sound source above a reflecting plane can be 
estimated in macy instances. Frequently, a point on the 
23 
reflec·ting plane directly below the geometrical center of 
the source is approximately correct . For a more· accurate 
procedure, see Appendix B . 1 1 1 
Appendix B discusses the acoustic center location procedure out­
lined in Chapter IV. 
Initially , the area shown in Figure 6 was selected as the test 
site, but proved unsatisfactory due to reflecti.on of sound waves from 
the building . The area is approximately 94 feet wide and 119 feet deep. 
The test site finally settled upon is shown in Figures 7 ,  8 ,  9, and 10. 
From these photographs taken looking north, south, ea.st , and west re­
spectively ,  it can be seen that reflecting objects are considerable 
distance from the test site o Figure 11 shows a plan of the test area. 
The elevation contours shown on this figure indicate that the reflecting 
surface is relatively flat although not level. Distances on the re  . .  
fleeting surface were measured using cloth tapes radiating from the 
assumed acoustic center as shown in Figure 12 e 
The power-take-off :: :.ym .. mometer used f' or loading the tractor engine 
is shown in Figure 13 0 
D etailed specifications of the apparatus and equipment, where 
appropriate , are given in the Appendix, 
1American Standards Associa.tion 1 American S tandard Method For the 
Physical Mea.surement of S ound 9 1962, p o J2 ct 
-- --
Figure 6 .  View of Test Area Initially S elected , 
�\lhich Later Proved Unsatisfactory 
25 
Figure 7 .  View of Test Area .Looking r1 orth 
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V iew of Test Area Looking S outh 
Figure 9 . View of Test Area Looking East 
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Figure 11. Plan View of Test Area Including Elevation 
Contours on the Reflecting Surface 
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Figure 12. View Showing Center of 
C oordinate System Located 
Beneath Tractor 
31 
Figur e 13 . Dynamometer Used for Loading 
Trac tor Engine 
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C HAPTER VI 
PROCEDURE 
The procedure for taking sound pressure level readings along the 
spherical radii was as follows 
1 .  Locate the tractor at the center of the test surface with _ the 
assumed acoustic center of the tractor above a point on the 
surface. The point on the surface was used as the center of 
the coordinate system. The acoustic center of the tractor 
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was assumed to be located on the longitudinal centerline of 
the tractor and 22 inches behind the front axle of the tractor t 
so this point was located above the center of the coordinate 
system. The assumed acoustic center was then taken as being 
located at the center of the coordinate system . The coordi­
nate system used in ma.king distance measurements along the 
reflecting surface, as well as the tractor position, are 
shown in Figure 14. 
Allow the tractor engine to reach operating temperature 
before starting U:e readings . 
2. Connect the required cables, etc. and put the instrumentation 
system in readiness for the readings. 
J . Set the tractor engine at the desired speed . All readings were 
made with the tractor engine running at 1785 rpm . 
4 .  Locate the microphone along a spherical radius at some distance 
from the assumed acoustic center . Readings were ma.de along a 
- X 
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Figure 14. Plan View of C oordinate System Used in Making 
Distance Measurements Along the Reflecting 
Surface 
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spherical radips at an angle of 17° with the surface. Read­
ings were made at distances along the spherical radius begin­
ning at 14 feet . The microphone was set at the required. loca­
tion using a previously calculated distance along the surface 
and a previouszy calculated distance above the surface. 
5 . Activate the instruments and record the sou.rd pressure levels 
for the frequency range of interest. The sound pressure levels 
were measured using one�third octave analysis over a frequency 
range from 40 through 5000 cycles per second . This step was 
repeated in order to obtain a seco:rd set of observations. 
6 .  Repeat Steps 4 and 5 for radial distances of 18 , 22, 26, 30, 
34, and 38 feet. 
? .  Do Steps 4 through 6 for radii on the left, right, front, ard 
rear of tractor. 
8 .  Repeat Step 7 to obtain a second group of two observations 
to give a total of four observations at each microphone loca­
tion. 
9. Do Step 7 and 8 for engine conditions of 80 per cent load and 
no load . The dyruunometer was removed from the test surface 
while readings are taken under the no load engine oornition . 
The microphone locations described in Steps 4, 6, am 7 are shown 
in Figure 15 . 
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The procedure for taking sound pressure level readings on the sur­
face of a hemisphere is given below 
1. Locate the tractor at the center of the test surface with the 
assumed acoustic center of the tractor above a point on the 
surface . The point on the surface was used as the center of 
the coordinate system. The acoustic center of the tractor was 
assumed to be located on the longitudinal centerline of the 
tractor and 22 inches behind the front axle of the tractor, so 
this point was located above the center of the coordinate sys­
tem . The assumed acoustic center was then taken as being lo­
cated at the center of the coordinate system o The coordinate 
system used in making distance measurements along the reflect­
ing surface, as well as the tractor position , are shown in 
Figure 14 . 
Allow the tractor engine to reach operating temperature 
before starting the readings . 
2 .  C onnect the required cables, etc. and put the instrumentation 
system in readiness for readings. 
J .  Set the tractor e�gine at the desired speed. All readings were 
made with the tractor engine running at 1785 rpm . 
4 . Locate the microphone at a point on the surface of the hemi­
sphere of selected radius . A hemisphere with a radius of 26 
feet was selected. Sound pressure level readings were made 
at 12 locations on the surface of the hemisphere. The micro­
phone was located by measuring a predetermined distance along 
the test surfa�e and • predetermined distance above the sur­
face . 
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5 .  Activate the instruments and record the sound pressure levels 
for the frequency range of interest . The sound pressure levels 
were measured using one-third octave ana4'sis over a frequency 
range from 40 through 5000 cycles per secor:d. This step was 
repeated in order to obtain a second set of observations. 
6. Do Steps 4 and 5 for all 12 points on the surface of the hemi­
sphere . 
7. Repeat Step 6 to obtain a second group of two observations 
for a total of four observations at each microphone location. 
8 .  Do Steps 6 and 7 for engine conditions of 80 per cent load and 
no· load . The dynamometer was removed from the test surface 
while readings are taken under no load engine condition. 
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CHAPTER VII 
PRESENTATION AND ANALYSIS OF DATA 
The locations of the regions of spherical spreading were determined 
from the sound pressure level readings taken along the spherical radii. 
This information is presented in Table I. The locations of the acoustic 
centers were also obtained from these re�dings. The coordinates of the 
acoustic centers are given in Table II . The steps in this portion of 
the analysis are given below 
1 .  Average the values obtained from the four observations at each 
microphone location along the spherical radii in order to give 
a single sound pressure level value at each location o 
2 .  For the 5000 cycles per second frequency , a correction of + 0 . 5 
decibels was added to the sound pressure level before using 
this value in any further calculations. This correction was 
necessary to account for the microphone response.  
3 .  Convert the sound pressure levels to values of the reciprocal 
of the sound pressure. 
4 . Plot the reciproca� of the sound pressure v-ersus the radial 
distance from the as�umed acoustic center. 
5 .  By inspection of this plot , determine the region of spherical 
spreading . 
6. C onsidering the points which lie in the region of spherical 
spreading , put the best fit straight line through the points 
using least squares linear regression. 
TABLE I 
LOCATION OF REGION OF SPHERICAL SPREADING 
Inner Limit = radial distance in feet to the inner limit of the 
region of spherical spreading 
_ Outer Limit = radial distance in feet to the outer limit of the 
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Where 14 is listed as the inner limit , this indicates that 
the inner limit is equal to or less than 14 0 
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Where 38  is listed as an outer limit, this likewise indicates 
that the outer limit is equal to or greater than JS. 
Readings were not taken closer than 14 feet or further than 
38 feet , so information was not obtained outside this range. 
Midband 
TABLE II 
LOCATION OF ACOUSTIC CENTER 
_ __ - �· �-·� No Load on Engine 
Frequency X Y Zl Z2 Z Nl Rl N2 R2 N3 RJ N4 R4 
40 3 . 9  o.4 - 6.8 -11. 3 . - 9. 1 4 0 . 997 7 0. 932 3 · 0 . 998 7 0 . 9  
50 - 2 . 5 -5 .2 -13. 3 -16.2  -14. 8 7 0. 9W 7 0. 931 6 0 . 993 7 0. 983 
63 4 . 8  1.5  -34. 1 -52. o -43. 1 4 0. 913 5 o. 881 7 o . 877 7 o. 838 
80 7 . 9  o. 6 -32. 8 -16.4 -24.6 7 0. 990 7 0 . 901 6 0. 972 5 0 . 991 
100 - 1. 9 3 . s  2. 1 - 4.6 - 1. 3  6 0. 9w 7 0. 9w 5 0. 980 7 o . w2 
125 - 3 . 1  4.4 -17.8  16. 5  - o.6 7 o. 894 4 o. w2 6 o. 946 5 0. 917 
160 - 0.2 -0 . 3  - 7 . 5  - 7 . o  - 7.2  4 0. 984 7 . 0. 939 7 0 . 978 7 0. 990 
200 - 5 . 5 -5 . 9  -77. 1  -53 .7 -65.4 5 o.945 7 0. 919 4 o . 897 6 0. 938 
250 - 0.7 -1. 3 ' -40. 6 -13. 1 -26. 9 7 0. 909 7 0 . 992 6 o. 9o6 7 o. 963 
315 - 6 . 8 2 . s - 3. 3 - 9.6 - 6.4 4 o. w1 7 0. 921 6 o. 963 7 o . wo 
400 2 .5 -1. 3 -20. 0 J.6 - 8.2 7 o. 967 7 o. wo 7 0. 818 7 o. 957 
500 - 2 . 5  -o. 8 -12. 1 1. 9 - 5.7 7 o. w1 3 0. 995 7 o. w6 7 0. 982 
630 0 . 6 1. .5 - 8. 9 -13. 3 -ll. l 7 0. 920 5 0. 999 7 0. 980 4 0. 960 
800 16 .7 �o. s -72.3 - 1.4  -36.8 7 0. 961 6 0. 996 5 0. 932 7 o. w4 
1000 - 8 . 2 2 . 1 - 3.6 6.7 1.6 3 0. 999 7 0. 992 6 0. 942 7 0. 990 
1250 - 8 .4  -0.5  - 6 .6 -13. 9 -10.2 7 0. 9ll 6 0.977 7 0. 951 7 0. 922 
1600 - 4 . 1  1 .4  -14. 8 12. 5  - 1.1 7 0 . 997 7 0.978 4 0. 985 7 0. 981 
2000 - 2 . 1  -2 . s  - 7.2 - 1.2 - 4.2 5 0. 932 7 o • . 978 7 0. 987 7 0. 979 
2500 - 3 .2  -2 .4 - 3.8 20. O 8. 1 7 o. 981 6 0. 999 7 o. 997 6 o. 998 
3150 - 0 . 5 -2.6  - 4.7 3.6 - 0. 5 7 0. 998 7 0. 999 6 0. 983 7 0. 999 
4000 - 2 . 1  -2. 8 - o.4 - o.4 - o�4 7 0. 994 6 0. 993 7 0. 998 5 o. 995 
5000 - 7 .3 o .8  -17 .4 2 . 2  - 7 . 6  7 o. 959 6 o. 998 7 o. 995 3- o. 999 
Notes : 1.  X ,  Y ,  and Z are computed. from the D-intercepts of the regression lines as illustrated. 
in Figures 16 and 17 . 
2 .  Z is the average of Zl and Z2 . 
; 3 .  X ,  Y ,  am Z are measured. in feet. 
4. Nl , N2 � NJ , and N4 ar e  the number of points used to determine th e  regres sion lines 
associated with the right , front , left, and back of the tractor respectively. 
5 .  R l ,  R2 , R3 , and R4 are the correlation coefficients for the regres sion lines 
associated with the right , front , left, and back of the tractor respectively. t 
TABLE II ( Continued) 
LOCATION OF ACOUSTIC CENTER 
80% Load on en�ine 
Midband 
Fr�uenc;y: X y Zl Z2 z Nl Rl N2 R2 NJ R3 N4 R4 
40 - 0 . 9 -1. 8 -23 . 0 -22 .8 -22. 9 7 0 . 980 7 0 . 992 4 o . w7 7 0. 991 
50 o .4  4 . 1  -15. 2 -17 . 6  -16 .4 7 0 . 995 5 0 . 978 7 0. 990 7 0 . 991 
63 L7 L 4  -11. 6 -23 . 9  -17 . 8  7 0 . 984 5 0. 990 6 o . 883 7 0 . 727 
80 - 5 . 3  2. 2 5 . 6  -21. 0 - 7 .7 7 0 . 987 5 0 . 965 5 0 . 978 5 o . 868 
100 - 0 o 7  0 . 5 - 5 . 0 -26. 6 -15 . 8  7 0. 988 7 0 . 938 7 0 . 938 5 0 . 912 
125 O o 3  -1.6  -33 . 9  -14 . o -23. 9 5 0 . 914 7 0 . 943 7 0 . 671 5 0 . 925 
160 - 3 o l  -3 . J  - 6 . 6  -31 .4  -19. 0 7 0 . 997 6 0 . 988 7 0. 802 7 0 . 958 
200 - 7 . 2  -1. 9 -29.4 -22 . 3  �25 . 8  7 0. 994 5 0. 993 7 0 . 929 7 0 . 966 
250 - 7 . 2 -6 ,, 9  ..:.25 . 2  - 2. 1 -13 . 6  7 0 . 997 7 0 . 991 6 0 . 996 5 0 . 998 
315 - 0. 2 5 . 1  -14 . 6  - 6. 5 -10. 5 7 0 . 992 7 0 . 992 6 0 . 948 7 0 . 939 
400 13 .2  -1.7 -29. 6  - 2 . 0 -15 . 8  7 0 . 990 7 0 . 978 7 0. 981 7 0 . 964 
500 o . 6  -6. 1 12. 1 -10.4 0 . 9 5 · o .  988 7 0 . 992 7 0 . 990 7 0 . 986 
630 - 2 . 3  2 . 8  2. 3 - 4 . 8  - 1. 3 3 1. 000 7 0. 993 3 0 . 993 3 1 . 000 
800 - 0 . 3 -.1 . 0 - 2. 0 - 7 .7 - 4 . 8  7 0 . 985 7 0 . 990 7 0 . 992 7 0 . 974 
1000 o . 8  -lo 3 - 1. 5 - 8. 6 - 5. 1  7 0 . 995 7 0. 996 7 0. 987 7 0 . 985 
1250 1. 3 -0 .4  1. ·7 - 0 . 5 o. 6 6 0 . 997 7 0. 998 7 0. 986 7 0 . 996 
1600 3. 5 1. 8 - 5 . 8  - 6 . o  - 5 . 9  7 0 . 989 7 0. 981 7 0 . 979  7 0 . 997 
2000 - 2 . 2  0 . 9 - 2 .7 -11. 3 - 7 . o 7 0 ., 996 7 0 . 984 7 0 . 996 6 0 . 986 
2500 - 1.2 -1. 3  8 . 6  7 . 2  7 . 9  7 1 . 000 7 0 . 988 7 0 . 997 6 0 . 998 
3150 - 1 . 9 -0 . 3 1. 7 2 c 4  2 . 0 7 0 . 988 7 0 . 987 7 0 . 996 7 0 . 997 
4000 - o . 7 -1 .6  -10 . 1 - 8 . 6  - 9 . 3 7 0 . 989 7 0 . 993 7 0 . 990 7 0 . 994 
5000 .,. 2 . 2  0 o 7  - 2 . 7 - 2 .4 - 2 . 6  7 0 . 990 6 0 . 991 5 0 . 993 7 . 0 . 996 
Notes � 1 .  X 0 Y�  and Z are computed from the D-intercepts of the regression lines as  illustrated 
in Figures 16 and 17 . 
2 0  Z is the average of Z l  and Z2. 
) o  X O Y 9 and Z are measured in feet. 
4 .  Nl 9 N2 , N3 9 and N4 are the number of points used to determine the regression lines 
associated with the right 9 front , left , and back of the tractor respectively.  
5 o  Rl , R2 , RJ, and R4 are the correlation coefficients for the regression lines 
associated with the right , front , left , and back of the tractor respectively. 
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7 .  The intersection of the regression line with the radial dis­
tance axis indicates the error in assuming the acoustic center . 
projected along the spherical radius. 
8. By considering two radii simultaneously, for example, one on 
the left side and one on the right side of the tractor, it is 
possible to identify two coordinates of the acoustic center o 
9 . By considering another two radii simultaneously, for example, 
in front of and in back of the tractor , the location of the 
acoustic center is then completly determined. 
Steps 4 ,  5, 6 ,  and 7 are illustrated in Figure 16 . Steps 8 and 9 
are illustrated in Figure 17. 
The least squares linear regression program ( steps 6 and 7 ) is in 
the Appendix. The computer program for carrying out S teps 8 and 9 is 
also in the Appendix. 
The acoustic powers and directivities were determined from the 
sound pressure level readings taken on the surface of the hemisphere . 
The coordinates of the microphone locations on the hemisphere surface 
are given in Table III . Tho direc tivities are presented in Table rJ. 
The acoustic powers are given in Table V. The steps in this portion of 
the analysis are as follows 
1. Average the values obtained from the four observations at each 
microphone location on the surface of the hemisphere in order 
to give a single sound pressure level value at ea.ch location o 
2. For the 5000 cycles per second frequency, a correction of + 0 . 5  
decibels was added to the sound pressure level before using 
TABLE III 
MICROPHONE LOCATIONS ON HElVIISPHER.E SURFACE 
X ( positive on right side of tractor ) 
( positive in front of tractor ) 
( positive above reflecting surfac e) 
Hemisphere radius is 26 feet 
Point y ,,: 1,.  y 
Number ( feet ) ( feet ) 
1 o . oo 24 . 18 
2 15 . 08 15 . 08 
24 ., 18 9 . 36 
4 9 ., 36 o . oo 
24 . 18 - 9 . 36 
6 15 ., 08 -15 . 08 
7 o . oo -24. 18 
8 -15 0 08 -15 . 08 
9 -24 . 18 - 9 . 36 
10 - 9 . 36 o . oo 
11 -24 . 18 9. 36 ·-
12 -15 . 08 15 . 08 
*A value of 0.5 0  was used to avoid setting the microphone on the 
reflecting surface ;  Harris (6 ) , jndicates that this is  the usual 




9 . 36 
15 . 08 
* o . oo 
24 . 18 
* o . oo 
15 . 08 
9 o J6 
15 . 08 
o . oo 
24 . 18 
o . oo 
15 . 08 
Midband 
Fre9.uency 1 2 
40 6 ., 3 1. 2 
50 I+ ., 9 3 o 3 
63 4 o l 3 . 2 
80 -2 o l  2 o l  
100 -6 ., 6 1. .6  
125 -3 o 2  4 . 2  
160 -J o 8 4 0 2 
200 L4 1 .6  
250 0 ., 3 3. ., 3  
315 -0 .,4 4 ., 1 
400 .. 3 ., 2 J .4 
500 1.4 4.4 
630 2 ., 7 4 .6  
800 2 o 9  2 .4 
1000 3 o J  4 o 3 
1250 J . O 2 ., 7 
1600 1.7 3 .1 
2000 3 ., 5 2 ., 3 
2500 4 o 5 4 ., 0 
3150 4 ., 1 4 . 5 
4000 4 c 6 4 . 8  
5000 J o l 5 . 4  
TABLE IV 
DIB.�TIVITY INDICES FOR POINTS ON HEMISPHERE SURFACE 
No Load on Engine 
Point Number 
3 4 5 6 7 
�·-
l1 9 
3 o 3 -3 o 5 1. 8 -O o 5  4 . 6  3 .1  3 . 3  
3 0 8 0. 5 3 . 1 2 . 1 3 . 5  2 .1 3 . 6  
4 o ) 2 o 7  3 o 2  2 . 3  3 . 6 0 . 5 2 . 6  
' 4 o 9 5 o J 4. 5 1. 1 -0. 4  2 .1 2 . 5 
2 . 9 8 . 2 3 . 7  -0 . 2 -5 . 4  -1. 4  o . s 
L 8  -1.. 8 0.7 J . 5  -5 . 9  6 . 4  2 .4 
2 . 2  4o4  2 . 2  5 . 0 -4. 9  2 . 2 2 . 8  
-OQ l 8 0 1 O . J 1. 9  -2 .7 0 . 2 -0 . 9 
-1 . 2  2 . 7  J o 4  3 . 9 -1 ., l lo 2 4 . 6  
4 .2  1 . 2  3 . 6  3 . 2 1 . 5  4 .7  10 8 
1 ., 8 3 o 2  J . l 5 ., 6 0 . 3  1. 7  -0 . 7 
2 o l 1. 0 -0 .4  2 . 8  2 .1 1 .8 o . 6  
2 0 8  4. 0 1. 2 2 . 8  2 . 2 3 . 7  1 0 6 
5 ., 9 6 . o 0 11 6 2 . 4 o. o 1. 9 0 . 9  
L7 o.4  3 . 4  4 . 3 2 . 1  o . 8  3 . 3  
0 " 7  3 . 1 o .4 4 .4  4 . 3 3 o 0 1. 3 
3 ., 2 3 . 4  3 . 5 3 . 7  1. 2 2 . 3 5 . 8  
L 3  6 .4  -0 . 3 J . 8 1.7  1 .  7 · 2 . 7  
1 . 3 3 . 9  -0 . 2 4 . 0 3 . 2 2 . 8  0 ., 5 
o . 8  4 . 5 -1. 9  4 . 8  2 .. 1 3 . 6  o . 6  
-1.1  4 . 9 -3 . 8  4 .4  3 . 3 4 . 6  -L 2 
0 ., 6 6 . o -3 . 0 4 . 5  2 . 6  3 . 0  -2 .. 4 
10 11 
-2 . 9 4 . 6  
0 . 7  3 . 9 
0 . 9 4 . 9 
4 . 6  2 . 3 
7 . 8  0 . 2 
-0 . 5 3 . 2 
5 . 6  2 . 1  
7 . 2 1 . 2  
5 . 3 4 . 2 
2 . 3  3 . 5 
5 . 0 4 . 0 
-0. 5  8 . 8  
2 . 6  2 . 6  
2 . 9  - 0 . 5 
5 . 2 0 . 2 
0 . 9 6 . 4 
1. 9 2 . 7  
4 . 1 2 . 7  
3 . 2  2 . 3 
J . 2 -2 . 5 
3 . 3 -3 . 5 
4 . 5  -3 . 0 
]2 
4 . 6  
2 .<7 
1. 6  
3 . 5 
o .4  
7 . 6 
3 . 8  
3 . 7 
3 . 6  
3 . 2 
1 . 2  
1. 2 
4 . 2  
4 . 9  
3 . 3 
0 . 7  
1 . 9  
2 . 1 
J . 4 
4 . 8 
4 . 3 




Frequency 1 2 
40 6 0 3  2 . 0 
50 4 . 1  2 ., 5 
63 J o 3  2 . 3 
80 -2 ., 3 1 . 5 
100 -6 ., 4 o . 8  
125 -5 .. 0 5 ., 6 
160 -4 . 1  4 . 5  
200 0 ., 7 3 ., 5  
250 4 ., 1 -0 ., 2 
315 1 . 7  1 . 0 
400 1 . 0 2 . 5  
500 2 . 2  1 . 1 
630 1.. 6 0 . 9  
800 4 .2  J . 6 
1000 4 o l 3 . 2 
1250 J . 6  4 . 1 
1600 J .4  5 o )  
2000 2 .. 8 2 . 5  
2500 4 ., 1 3 . 8  
3150 3 o 7  4 . 6 
4000 3 . 6 4 ., 8 
5000 4 .. 4 5 .. 3 
TABLE rv (Continued) 
DIB.ECTIVITY INDICES FOR POINTS ON HEMISPHERE SURFACE 
8($ Load on Engine 
Point Number 
3 4 5 6 -- _J_ 8 _9 
5 . 0  o . 6 3 . 3 1. 0 4 . 4 1. 4 2 . 1  
0 ., 4 2 ., 7 o . 4 1. 4 1 . 9 1. 8 3. 9 
I 2 . 0 4 ., 8 1 . 2 o . 6  2 . 6  2 . 1 3 . 0  
3 . 0 7 . 7 J . 5 o . o -1. 9 -0 . 3 1 . 1 
-3 .4 8 . 4 -2 . 0  -2 . 1  -6 . 6 -1. 2 0 . 1  
o .. 8 4 .. 0 -0 .8  s . o  -6 . 9  ll- 04 1. 0 
-J . O 5 . 3  -3 . 1  2 . 9 -6 . 1  J . 6  0 . 9 
-J ., 8  6 . 6 -2 . 5 0 . 7  -2 . 9  2 o 5 -0 . 2  
-3 . 5  5 ., 8 -2 . 2  0 . 5  0.7 -0 . 3 o . 8  
0 . 5 5 ., 0 0 . 3 l cr 3 - 0 . 9 2 . 6 -0 . 3 
-0 " 6 5 . 5 1 . 2  J . O  2 . 9  7 . 4 -0 . 6 
2 . 0 2 .. 9 3 . 1 6 . 7  6 . 5 0 . 5 1. 2 
-1 . 1  5 . 9 0 . 3 4 .4 5 ., 3  o . 6  1. 3 
0 . 7  2 . 5  -0 . 3 1. 1 1 . 6 3 e 6  0 . 1 
-1. 0 3 . 2 -0 . 8 3 . 2 3 . 0 3 . 2  -0 .4  
2 ., 7 3 . 1  o . 6 2 . 6  1. 9 J . 8 1 . 1 
1 ., 5 2 ., 4 O o 5  2 . 9 2 . 4 J . 8 2 . 0 
-2 ., 5 2 . 9 -3 . 2 1. 9 0 . 8 6 . o  -1. 1 
-L2 4 . 2 -1. 9 3 . 2  2 ., 1 4. 6 -1.7 
-2 . 5  J . 8 -1 . 8  4 .4  2 . 2  5 . 0  - 0 . 8  
-3 . 1  3 . 9 -2 . 5 2 . 9 2 . 4 5 . 4 -1. 1 
-2 . 6  3 ., 9 -2 . 6  3 . 5 2 . 2  4 . 6  -1. 7 
10 -~:u:-
0 . 3 2 . 1  
5 . 3 4 . 9  
5 . 4 3 . 1  
6 . 7 0 . 5 
9 . 5 1 . 8  
4 . 2  0 .7 
7 . 4 1. 9 
8 . 8  -1 . 6  
9 .4 1 . 2  
8 . 3 4 . 0 
2 . 8  - 0 . 8  
2 . 6  0 . 1  
5 . 7 2 . 6  
4 . 9 2 . 6  
6 . 7 -0 . 6 
4 . 9 0 . 9 
4 . 9 . -1 . 6 
5 . 9 - 0 . 2  
5 . 7 0 . 1 
5 . 6 -1. 6 
5 . 2  -0 .  7 
4 . 9 -2 . 2  
12 
2 . 6 
3 ! 9  
3 . 6 
3 . 2  
1 . 9 
6 . 4 
5 . 3 
3 . 7 
o . 6 
.1 . 9 
3 . 0 
-0 . 4 
1 . 8  
6 . 2  
4 . 6  
3 . 9 
4 . 6 
7 . 0 
4 . 9 
4 . 2  
4 . 9 . 




























Acoustic Power in 10-4 Watts 
No Load 8 0% Load 
109 . 3  
437. 7 
11. 0  
31c, 6 





6 . 8  
7 .7 
16 .2  
11. 2  
23 . 6  
23 .7 
32 . 8  
J0.4 
19 . 0  
9. 2 
8 . 1 
3 . 0  
2 . 6  
Total 1141.0  Total 
780. 9 
1331. 8 
39. 2  
628 . 1  
1288 . 3  
1124 . 6  
359 . 3 
224.0 
141. 2  
45. 4 
73. 6 
249 . 9 
135 .5 
54 . 8  
61 . 4 
68 . 5  
74 . 7  
37 . 2  
27 . 7  
22 . 6  
11 .. 8 
8 . 3 
6788 . 8  
47 
0 .1 'o 
2 . 0 2 . 0 
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Notes : 1. Sample plots are for 800 cps , 80  per cent load on engine . 
2 .  Dotted lines indicate 95 per cent confidence limits on 
regression line slope . 
Figure 16 . Sample Plots of 1/p (Reciprocal of the S ound Pressure) vs . 
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D (Radial Distance in Fee� From Assumed Acoustic Center) . 
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this value in 1,ny further calculations . This correction was 
necessary to account for the microphone response . 
3 . Subtract 3 decibels from the sound pressure levels at point 
numbers 3 .  5 .  9 .  ard 11 as identified in Table III. 
4 . Convert the soum pressure levels at points on the hemisphere 
surface to values of the sound pressure squared . 
5 .  Total the sound pressures squared for all points on the hemi­
sphere surface . 
6 ,  Convert the total sourd pressures squared value back to sound 
pressure level . 
7 .  Subtract 10 log10 (number of points on hemisphere surface) 
from value obtained in Step 6 . The mean squared sourxl pres­
sure level ( L ) was then · obtained. p 
8 .  Calculate acoustic power and directivity indices using the 
appropriate formulas in Chapter IV. 
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The computer program for calculating acoustic power arxi directivity 
irxiices is in the Apperxiix. 
The sound pressure levels at the location of the seated operator 's 
head are given in Table VI ! 
A sample of the plot obtained on the graphic level recorder is 
shown in Figure 18. 


























SOUND PRESSURE LEVEIS AT IDCATION 
OF SFATED OPERATOR 1S HEAD 






78 . 9  
82. 5 
87 . 8  
86. 9 
84 . 9  
76. 9 
76. 1 
74. 0  
77. 0 
79. 2  
75. 9 
78 0 8  
80. 9  
81.o 9 
82 0 8 
80 . 4  
78 .. 4 







83 . 1  
94.4 
96. 6 
9.5 . 8  
89 .4  
84. 5 
85. l  
79. 1 
87 . 0 






















SOUND PRESSURE LEVEIS AT IDCATION 
OF SEA TED OPERATOR 1S HFAD FOR 
OCTAVE FR�UENCY BANDS 
80;{, Load 75% Load 
on En�ine on Eneaine 
99. 2 98 .5  
99.6  103.5 
88. 3  91 • .5 
94.4 93.5 
89.8  91.5  
88.5 90. 0 
82.0 84. o 
Notes : 1. The sound pressure levels given under 80% 
Load on Engine are calculated from the values 
given in Table VI. 
2. The sound pressure levels given under 75% 
Load on Engine were measured by E. W. Simpson , 
Division of Environmental Health and Safety, 
The University of Nebraska , Lincoln, Nebraska. 
In this study , sound pressure level measurements 
were ma.de at operator 1 s location on approximately 
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Notes: 1. This plot represents sound pressure levels at 
point #10 on the hemisphere surface, with engine 
at 80  per cent load . 
2. Writing speed was J inches/�econd . 
J . Chart speed. was 7 . 5  inches/minute. 
Figure 18 . Sample of Plot Obtained on Graphic Level Recorder 
CHAPTER VIII 
DISCUSSION OF RHSULTS 
Table I iD:licates that if all frequency bands in the range 40 to 
5000 cycles per second are considered, the region of spherical spreading 
is quite small o As an approximatlon, the region of spherical spreading 
might be taken as a region with an inner radial limit of 18 feet and an 
outer radu.l limit of 26 feet , with 22 feet being the value in complete 
agreement with inner and outer limits presented in Table I o  The inner 
limit of the region of spherical �preading is determined by the noise 
source having finite dimensions rather than being a point source. The 
outer limit is probably determined by reverberation from the three story 
building shown in Figure:. 10, as i,ell as wind gradients which a ffect the 
readings more at larger radial distances o A hemisphere radius of 26 
feet was selected because any movement of the acoustic center from the 
location of the assumed acoustic center would cause less error with a 
hemisphere of larger · radius o In an attempt to reduce reverberation 
from the three story building, the acoustic power readings were taken 
on the east half of the hemisphere with the t.ractor be�g revolved 180 
degrees when required. o In other words, for half the readings the trac­
tor would be facing south and for the other half of the readings, the 
tractor would be facing northo 
The locations of the acoustic centers presented in Table n are 
quite reasonable with respect to X and Y ,  but somewhat unreasonable with ., 
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respect to z .  S ome movement of the acoustic center in the XY plane was 
expected. , but the large movement in the Z direction was not expected.. 
Theoretically, the acoustic center should always remain on the reflect­
ing surface . The acoustic center location procedure is an extrapola­
tion procedure. Extrapolation seems to function poorly in this case , 
probably because there is not enough acquracy associated with the points 
which determine the regression line . The inaccuracy can be observed by 
considering two independent estimates of Z ;  z1 and z2 • z1 is calculated 
from the readings along the spherical radii on the left and right sides 
of the tractor , while z
2 
is calculated. from the readings along the 
spherical radii in the front and the rear of the tractor o The confi­
dence limits shown on Figure 16 further illust�ate the uncertainty 
associated with this procedure. The possibility of setting confidence 
limits on Z was investigated , but was decided to be impractical due to 
the non-normal , non-symmetrical distribution of the E ' s o The E ' s  
( El ,  E2 , EJ , and E4 )  are illustrated in Figure 17. 
It is interesting to note that there appears to be a tendency for 
the acoustic center to be located below the reflecting surface for a 
large number of the frequency bands . This effect may have been caused 
by the reflecting surface not being as smooth and reflective as would 
ideally be desired . The sound absorption coeffici.ent of the reflecting 
surface was not measured , but s:nce the surface is paved, it would seem 
to meet the American Standards Association recommendations outlined in 
Chapter V o  
This procedure for locating the acoustic center might prove 
considerab4' more accur�te when used indoors under controlled condition� 
However, since the purpose of the procedure is to locate the acoustic 
center with greater accuracy tha.ri it could be estimated_, it appears 
that the procedure is generally ineffective under the conditions of 
this investigation. 
The microphone locations given in Table III represent equal areas 
on the hemisphere surface, with the exceptions of points 3, 5 ,  9, and 
ll which represent only half the areas of the other points o For this 
reason J decibels is subtracted from the sound pressure levels obtained 
at points 3, 5, 9, and 11. Thi,s corr�ction is made before using the 
sound pressure levels in any calculations. 
The directivity indices presented in Table IT indicate the relative 
amounts of acoustic power radiated in a particular direction. The 
larger the algebraic value of the directivity index, the greater the 
acoustic power being radiated in that direction . Examination of this 
�ble and calculation of two acousU.c powers reveals that as much as 
41 times the power is radiated in one direction as in another, for a 
particular frequency band . This is based on point numbers ? and 10 for 
a midband frequency of 100 cycles per second and 8� load on engine. 
The acoustic powers presented in Table V show that there is con­
siderable variation in the amount of acoustic power radiated in the 
different frequency �s o This table shows that approximately 2/3 
of the total acoustic power is concentrated in the four bands with 
center frequencies of 40, 50, 100 , and 125 cycles per second 0 
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From the acoustic powers presented in Table V ,  it might appear that 
there would be significant acoustic power radiated in the frequencies 
below 40 cycles per second . Preliminary readings indicated, however , 
that the acoustic power below 40 cycles per second was small enough 
that it could be neglected. The sharp drop in sound pressure level 
below this frequency is illustrated in Figure 18 . The next midband 
frequency below 40 cycles per second would be at 31. 5 cycles per second . 
Table VII indicates reasonably close agreement of sound pressure 
levels at the location of the seated operator ' s  head for this inves­
tigation compared with measurements taken by another researcher0 
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CHA.PTER IX 
SUMMARY AND CONC LUSIONS 
Previous attempts at characterizing the noise produced by an 
agricultural machine have been based largely on evaluating the sound 
·pressure level, or the loudness at one or more locations. These tech­
niques are helpful , but additional characterization methods would be 
useful. In many of the investigations , sound pressure levels have 
been measured at the operator ' s  location . These readings are useful 
in establishing the extent of the hearing loss danger to which the 
operator is exposed ; however . they do very little to describe the noise 
source . It might be compared to trying to evaluate the heat output of 
a furnace based on a measurement of the temperature at one location in 
the building. The intention is not to indicate that previous meas­
urements are useless and that this characterization method is complete 
in itself. Rather , that the characterization method investigated can 
be used in connection with some of the more commonly used measurement 
techniques to better describe the noise source . 
The following procedure is recommended for using the acoustic 
powers and directivity indices to characterize a noise source 
1 .  Locate the assumed acoustic center at a point on  the reflecting 
surface directly belmw the geometrical center of the source. 
2 .  Take a series of sound pressure level readings along spherical 
radii in order to locate the region of spherical spreading o 
3 .  Select a hemisphere radius and record sound pressure levels 
on the surface of the hemisphere. 
4. Calculate the acoustic power and directivity indic es , 
using the appropriate formulas in Chapter IV . 
There are a number of ways in which the procedure could be sim­
plified. if it were being repeated for a number of different noise 
sources ; among these are 
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1. If the effects of reverberation and w-lnd gradients could be 
decreased , a single hemisphere radius could be adopted for 
use with a number of different noise sources of varying sizes 
and shapes . In other words , if the outer limit of the region 
of spherical spreading could be , in effect , eliminated ; a 
single , fairly large hemisphere radius could be adopted o For 
example , if preliminary measur�ments indicated that the inner 
radial limit of the region of spherical spreading for a group 
of noise sources varied between 15 and 25 feet, a hemisphere 
with a radius of 25 f�et m.ight be chosen for the entire series 
of acoustic power measurements. 
2 .  If less detailed information about the noise source were re­
quired , octave band analysis rather than one-third octave 
band analysis , could be used . · 
Conclusions 
1. The acoustic powers and directivity irxlices can be used to 
characterize the noise produced by an agricultural tractor. 
The use of this characterization method is illustrated by 
several examples at the end of this chapter . 
2. - The acoustic center location procedure was not found to be 
effective under the cordi tions of this investigation. The 
use of this procedure is not recommended unless the meas- ­
urements are made under more controlled conditions. 
3. The sound absorption coefficient of the reflecting surface 
should be measured before the recording of soun:i pressure 
levels is begun, in order to insure that the absorption 
coefficient is not greater than 0 .2 .  
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4 . Large reflective structures such as buildings should be a 
considerable distance from the center of the test area, 
preferably at least 106 feet . Reflections from the structures 
may otherwise interfere with the · spherical spreadi:gg about : ,the 
noise source . 
5.  As much as 41 times the acoustic power was radiated in one 
direction as in another, for .a particular frequency ba.M. This 
information wa s  obtained by considering the directiv ity · indices . 
6 .  Approximately 2/3 of the total acoustic power measured wa s con­
centrated in the four ba?xls with center frequencies of 40, 50, 
100 , and 125 cycles per second. 
Below are given four hypothetical examples in which the acoustic 
powers and/or the directivity indices could be used : 
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Example number 1. A large corporate farm is planning to purchase 
50 tractors. The company desires to specify the acoustic performance 
of the tractors , as well as mechanical performance. This was caused 
partly by pressure from a labor union to provide better working condi­
tions for the farm workers. In addition, the company has had two law 
suits in which the workers claimed. hearing loss from excessive tractor 
noise. The company hopes to lower its insurance costs by specifying 
the acoustic perform.a.nee of the tractors. The maximum acoustic powers 
for the 8 octave bands with midband frequencies from 31. 5 cycles per 
second through 4000 cycles per second are therefore specified. 
Ex.ample number 2 .  A farm machinery company is redesigning a 
cotton picking unit which is installed on an agricultural tractor to 
form a self-propelled cotton picker . It is desired to locate the oper­
ator such that noise exposure 1dll be a mininnnn , consistent with proper 
visibility. By determining the acoustic directivities for the tractor, 
with the cotton picking unit installed , it will be possible to select 
a location which should be :elatively quiet , as compared to other fea­
sible locations. In this case , the directivity indices would probably 
be evaluated at more than 12 points on the hemisphere surface 0 
Example number 3 .  A state wishes to establish upper legal limits 
for the noise produced by an agricultural tractor o Their idea is to 
protect the farmers hearing, with or without hi.s coopera.tion 0 The law­
makers are particularly concerned about this problem, due to the la.rge 
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numbers of teenage youns men that work a.round fa.rm tractors. The max­
i.mum acoustic powers for the 8 octave bands with midband frequencies 
from 31 . 5 cycles per second through 4000 cycles per second a.re therefore 
specified in the form of a law. 
Example number 4 .  A n  agricultural machinery company would like to 
manufacture a quieter tractor , if the desired noise reduction could be 
achieved with minimum additional cost . An investigation is planned to 
determine the extent and pattern of noise reduction that can be obtained 
by applying four different quieting methods. The four proposed schemes 
all involve modifications of the engine exhaust system and use of acous­
tic barriers , but the methods vary in cost . The investigation is de­
signed to determine which of the noise reduction methods would be best , 
considering both cost and noise reduction achieved o The acoustic powers 
and directivity indices will be measured on a standardly equipped trac­
tor as well as on tractors equipped according to the four noise reduc­
tion schemes. 
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FORI:RAN IV COMPUTER PROGRAM FOR 
LEAST SQUARES LINEAR REGRESS ION 
D = RADIA.L D.IST.lNCE. IN · FEP:r ·''FROk''i:A:SStJMll>·t�(:)USTIC ' CENTER . 
P = THE rta;·f�ifot'lt:' .. •oF THE SOUND PRESSURE . 
N = NUMBER OF POINTS USED TO DETERMINE REGRESS ION LINE . 
EQUATION OF REGRESS ION LINE : P = A ,  + BD .  
E = D - INTERCEPT ( ERROR IN LOCATING THE AC OUSTIC C ENTER PROJE:TED 
ALONG THE SPHERICAL RADIUS ) .  
P 3 0  = REGRESSED VALUE OF P AT D = 3 0  (THIS VALUE CAN BE USED IN 
PLOTTING THE REGRESS ION LINE ) . 
R = CORREIATION COEFFIC IENT . 
FORMAT ( 12 ,  7 (F2 . 0 ,  F5 . 3 ) )  
FORMAT (4F l2 . 4 )  
DIMENS ION fl-(7 ) ,  P (7 )  
N = 0 
SD = O.  0 
SP = 0 .  0 
SDD = 0 . 0 
SPP = 0. 0 
SDP = 0 . 0 
READ ( 5 , 200)  N ,  (D ( J ) ,  P ( J ) , J = 1 ,  7 )  
DO 100 I = 1 ,  N 
SD = SD + D ( I ) 
SP = SP + P ( I )  
SDD = SDD + (D ( I )*  D ( I ) ) 
SPP = SPP + (P ( I h P ( I ) ) 
SDP = SDP + (D ( I h  P ( I ) ) 
C ONTINUE 
V = N 
BL\ = SDP - (SP* (SD /V ) )  
· B = BA / (SDD - (SD>'" (SD /V ) ) )  
A = (SP - �SD ) /V 
E = ( -A /B )  
P 3 0  = A + 3 0 . 0 * B  
S IDD = SDD - SD*· SD /V 
S LPP = SPP - SP* SP /V-­
S I.DP = SDP - SD * SP /V 
R = SIDP / ( SQRT (SIDD*SLPP ) )  
WR ITE ( 6 , 3 00 )  A ,  B ,  E ,  R 
GO TO 1 
END 
FORTii,AN IV COMPUTER PROGRAM FOR 
LOCATING ACOUSTIC C ENTER 
C E 1 = ERROR IN LOCATING THE AC OUSTIC C ENTER PROJEr!TED ALONG THE 
C SPHERICAL RADIUS ON RIGHT SIDE OF TRACTOR . 
C E 2 = ERROR IN LOCATING THE ACOUSTIC C ENTER PROJEr!TED AI.ONG THE 
C SPHERICAL RADIUS IN FRONT OF TRACTOR . 
C E 3 = ERROR IN LOCATING THE ACOUSTIC C ENTER PROJEr!TED ALONG THE 
C SPHERICAL RAD IUS ON LEFT S IDE OF TR.AC TOR . 
C E 4 = ERROR IN IDCATING THE ACOUSTIC C ENTER PROJ:&;TED AI.ONG THE 
C SPHERICAL RAD IUS IN BAC K OF TRACTOR . 
C X ,  Y ,  Z LOCATE THE ACOUSTIC C ENTER . 
C X (POS ITIVE ON RIGHT SIDE OF TRACTOR ) .  
C Y ( POSITIVE IN FRONT OF TRACTOR ) .  
C Z ( POSITIVE ABOVE REFL&;TING SURFAC E ) . 
C Z 1 = Z - VALUE CAICUIATED US ING E 1 AND ·,E 3 .  
C Z 2 = Z - VALUE CAIC UIATED US ING E 2 AND E 4 .  
100 FORMAT ( 18 X ,  F 9 . 4 , 53X ) 
101 FORMAT ( IX ,  .5F l0 . 4 )  
102 E 1 = 0. 0 
E 2 = 0 . 0 
E 3 = 0. 0 
E 4 = 0. 0  
READ ( 5 , 100 )  E 1, E 2 ,  E 3 ; E 4 
Z 1 = 1 . 7101* (E 1 + E 3 ) 
ZB = 3 . 42 03* E 3 
X = (Zl  - ZB) /3 . 27 09 
Z 2 = 1.  7 101* ( E  2 + E 4 )  
ZD = J . 42 03* E 4 
Y = (Z 2 - ZD ) /J . 27 09 
Z = (Z 1 + Z 2 ) /2 . 0  
WRITE ( 6 , 101) X, Y, Z ,  Z 1 ,  Z 2 
GO TO 102 
END 
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FORTRAN IV COMPUTER PROGRAM FOR 
FllID ING DIRBI;TIVITY _IND ICES , 
ACOUSTIC POtlER LEVEL , 
AND ACOUSTIC POWER 
C LP (I ) = SOUND PRESSURE LEVELS AT POINTS ON HEID.SPHERE SURFACE 
C (POINT NUMBERS 1 THEW 12 RESP�TIVELY) .  
C DI (I ) = DIB:&;TIVITY INDICES FOR POINT NUMBERS 1 THRU 12 
C RESP:&;TIVELY. 
C IW2 = ACOUSTIC POWER LEVEL IN D�IBELS REFERENCED TO 10 TO THE 
C -12 WATT. 
C W = ACOUSTIC PDWm IN WATTS. 
C THE �PHERE RADIUS OF 26 FEEr IS TAKEN INTO ACCOUNT IN CA . 
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C THE TEMPERATURE AND BAROMETRIC PRESSURE CONSTANT OF 0.3  IS TAKEN 
C INTO ACCOUNT IN CA . 
DIMENSION LP ( l2 ) , U( l2 ) , DI ( l2 )  
100 FORMAT (12 F4. 1) 
101 FORMAT ( IX ,  12 F4.l, F7 . 2 ,  Fll. 8)  
1 SU = O. O 
REW (5 , --1�0} (LP(I) , I = 1 ,  12 ) 
DO 20 I = 1 ,  12 
U(I )  = EXP (2. 30259* (LP(I)  - 74. 0) /10. 0) 
20 SU = Su. + u.(I )  
CA = 10. 0* AI..OG 10 (SU ) + 60.2  
DO 30 I = 1 ,  12 
30 DI(I)  = LP (I)  - CA 
Ilr12 = CA + 29. 1  
W = EXP (2.30259* (Ilv2 - 120. 0) /10. 0) 
WRITE (6 , 101) (D (I ), I =  1 ,  12 ) , IW2, W 
GO TO 1 
END 
68 
DATA SHEET I 
SOUND PRESSURE LEVELS ALONG A SPHERICAL RADIUS 
¢ = 0° (right side of tractor ) No load on engine 
R = radial distance in feet from assumed acoustic c enter 
TP = time period when sound pressure level readings 
were taken ( see Data Sheet XI ) 
TP Frequency (cycles per second) 4o 6 80 100 12 15 0 
2 . 5  7 0 7 • 79 ,. 7 0 7 0 0 0 . 
2 14 - 82 . 0 68 . 0 75 o 0  77 . 5  66 . o 74 ,. 5 66 ., 5 65 o 5 65. 5  
9 14 80 0 0 7 L 5  75 . 5 77 ,. 5 67 . 5 76 ., 0 7 0 ., 0 67 0 5  62 ., 0 
9 14 80 ,. 0 73 o 5 76 . 0 7 9 " 0 67 . o 76 " 0 7 0 ,, 0 65 . 0  65 . 5  
Mean 81.1  71.4 75 .,4 78 ,.4 w:r; 75:0 68 ., l bM � 
2 18 79 . 5  84 . 5 73 ., 5 73 . 0 76 . 5  67 . 5  7L 5 64 . 5 63 . 0 61. 5 65 . 0 
2 18 80 . 5 85 . 0 69 . 5  73 o 0 77 . 0 67 . 5  71. 5 66 ., 5 63 . 0  62 0 0 69,. 5 
9 18 78 . 5  86 . o 72 . 5 73 . 5  75 tJ 5 67 ,, 0 72 . 0 67 . 0  63 . 0 60 . 0 66 . o 
9 18 78 . 0 86 . 5  ?L O 78 . 5  75 ,, 5  7 0 . 5  75 . 0 7 0 . 5  7 0 . 5  65. 0 66 . 5  
Mean 7 9 . 1  85 . 5  71 ,.6 74 ,, 5  76 ,. 1 68 .. 1 72 ,. 5 b7-:I 64 ,. 9 62 . 1  b6:8 
2 22 77 .. 0 83 . 5  75,. 0 72 . 0 77 . 0 67 ., 0 72 . 5  65 ., 0 62 . 5  64 . 5  67 . 5 
2 22 77 . 5  82 . 5  65 ,. 0  72 ,. 5 74 . o  64 . o  71. 5 66 ,. 5 62 . 5  59,, 5  62 . 5  
9 22 76 . 5  84 . 0 7 0 ., 5 75 . 0 75 . 5  7 0 . 0 72 .. 0 7 0 ., 5 7 0 ,. 0  60 .  0 6� . 5  
9 22 76 . 0 85 ,. 0 68 ., 5 71. 0 74 . o  65. 5 71 . 0 64 ., 5 62 . 5 59 . 5  64 . 5  
Mean 76. 8 83 .,8 69 ., 8 72 .6 75 ,,1 bbo6 7L 8 � � bQ.9 � 
2 26 74. 5  84. 0 7 0 o Q 72 . 0 73 . 0 67 o O  7 0 . 0 67 0 0 69 ,. 0 59 . 0 62 ,, 0 
2 26 74 . 5  83 . 0 66 0 5 68 ,. 0 73 ., 0 64 ,, 5 71. 0 65 ., 0 64 . o  66 . o 6L 0 
9 26 76 . 0 82 . 5  67 0 0 71. 0 73 . 5  65 . 5  7 0 . 0 64 ,. 5 63 . 5  59. 0 64 ., 5 
9 26 76 . 5  83 . 5  67 ,. 5 7 0 . 5  73 . 0 67 . 0 68 . 5  64 . 5  62 . 0 57 . 5  62 . 0 
Mean 75 .4 83 .1 67 .. 8 7 0 .4 73 ., 1 bboO 69. 9 '65 . 2 . � b().4 "62:4 
2 JO 75 . 0 81,. 0 65 ,. 0 68 . 0 72 ,. 5 61. 0 7 0 .  0 69 . 0  61. 0 58 . 0 59,. 0 
2 30 75 . 0 82 ., 5 7 0 . 0 7 0 . 5  72 . 5  60 . 5 ?L O 65 () 0 65 . 5  57 .. o 63 . 5 
9 30 78 . 5 82 . 5  75 it 5 72 . 0 72 ,. 5 64 . 5  69 . 0 65 . 0 64 . o  68 . 5 65 . 0 
9 30 75,. 0 82 . 0 66 ,. 5 68 ,. 5 71., 0 65 . 5  7 0 . 0 63 ,, 0  60 . 5 61. 5 63 . 0  
Mean 75 . 9  82 . 0 69.2 69 . 8  72 .1 62 ,. 9· 7 0 .. 0 65 . 5  62 ,. 8 61. 2  b2.b 
2 34 71 . 5 79 ., 5 66 . 5  7 0 . 0 71 ,, 0 64 ., 5 67 ., 5 64 . 5  61. 0 59 . 0 61 ,. 5 
2 34 71 . 5 81., 0  66 ., 0 67 ., 5 7 0 .. 0 56 ., 0 68 . 5 63 ., 0 61 ,, 0 57 . o 63 .. 0 
9 34 73 .. 5 81o 5 72 ., 5 69 . 0 73 . 0 67 . 5  67 . 5  65 . 0  62 . 0  63 ,, 0 60 . 0 
9 34 78 . 0  82 . 0 74 . 0  68. 0 ? 0 a 5  7 0 ., 5. 75. 0 7 0 . 5 66 . 5 66 . o  60 . 5 
Mean 73 .,6 8L o �8 b8.b 71;1 "G4:-6 � 65 . 8  b2.b 61.2  bi..2 
2 38 72  .. 0 80 .5 64 .. 5 67 . o  ?L, O 6 0 ., 5 66 ., 5 67 ,, 5 58 . o 55 . 5  60 ., 5 
2 38 72 ,. 5 80 ,. 5 67 . 0 67 ,. 0  68 ., 0 59 ,. 5 67 ,, 5  64 ., 0  58 ., 5 62 ,. 0 63 . 5  
9 38 73 . 5  80 ., 5 68. 0 7 0., 5  71 ., 5 62 ., 5 67 ., 5 62 ,. 0  64 . o  54 . 0 60 ,. 0 
9 38 74 . 5  80 ., 0  75. 0 68 ., 0 72 ,.5 64- . 5  67 0 5 62 . 0 59 . 5  54 ,. 5  61 ., 0 
Mean 73 .,1 80:zi: b8.b "5"8 o l 7 0:,S 61 08 6? o 2  � "65:"o 56. 5  '61., 2 
DATA SHEET I (Continued) 
SOUND PRESSURE LEVELS AIDNG- A SPHERICAL RADIUS 
� = 0° (right side of tractor) No load on engine 
R = radial distance in feet from assumed acoustic center 
TP = time period when sound pressure level readings 
were taken ( see Data Sheet XI) 
Fr!9.uenci (crcles Eer se�ond} TP R 6)0 200 . 800 1000 1220 1600 2000 2500 gl�O 4000 g900 - 2 14 69. 0  71. 5 75. 0  69,.!_5 73. 5 76.5 73 . 5 7 0. 0 9 . 0 67 . 0  4. 0 
2 14 69. 5 72 . 0  73 . 5  7 0  • .5 72 . 0  74 . 5  73 . 0  ?.Oo O 69 . 0 67. 5 _ 65 ., 5 
9 14 69. 0 70 . 0 74. o  75 • .5 72 • .5 78o 0 76 0 5  7 0 ., 0 69 .5 68 . 0  65 .5  
9 14 70 . 0 70.5 73 . 5 72 • .5 72 ., 5 78. 0 75 . 5 7 0. 5  70. 5 68 . o 65 ., O 
Mean W-4 71. 0 74. o 72 . 0  · 72 .6 � 7U 7 0. 1 69 . 5 W;6 6.5 . 0  
2 18 67 . 0  69. 0 71. 5 69. 5 71., 0  74. 5 69. 0 67 • .5 66 . o 64. o  60. 5 
2 18 68 . 0  70 . 0  71. 5 69o .5  70.,5 7.5 . 0 7 0. 0 68 . 0  65 . 0 64. 0  60 . 0 
9 18 70 . 5  67 . o 68 . 0  71. 5 76 . 5 7.5 • .5 71 • .5 68 . 0  7 0. 0 66 . 5 63 ., .5 
9 .18 *-¾ 
70. 5 67. 5 71. 5 74., 5 7.5 . 0  72. 0 67 . 0  70 . 0 66 . o  63 • .5 
Mean 9. 5 69. 1  b9.b 70. 5 73 . 1  75. 0  7 0.6 t?T:6 b7.8 65 . 1 61. 9 
2 22 64. 5 66 . o  69 . 0  70 .5  71. 0 73 . 5 67 .5 65. 0  65 ., 5  63 . 5 60. 0 
2 22 65 . 0  67. 5 70o5 71. 5 71. 0 73 ., 5 68 0 0 64 . o  64. 0 63 . 0 58 o5 
9 22 69. 5 65. 5 67. 5 68 . 0  74. 0 73 . 0  70 . 0 66 . 5 67 . 0 66 . o  62 0 0 
9 22 69. 0 65. 0 66 . o  67. 5 74.5 74 . o  7 0. 5  65. 5 67 . 5  63 . 5  62 . 0  
Mean 67 . 0  "66:15 m:z W-4 72 .6 73 • .5 69 . 0 1 6.5 . 2  "66:15 � bQ.b 
2 26 64. o  64. 0 69 . 0 69. 0  68 • .5 72 • .5 66 • .5 '  64 . 5  65 . 0 62 . 5 60.5  
2 26 63 . 0  62 . 0  68. 0 7 0. 0 68. 5  7 0 . 0 68. o 64. 5 66 . o  64 . 0 61 • .5 
9 26 67 . 0  64 • .5 66 . o  7 1  • .5 7 0. 0 73 o .5 71. 0 ·  64 . 5 63 • .5 63 . 0  6lo 0 
9 26 67 . 5 
� 
67 . 0  71. 5 69 • .5 74. 5 7 0. 0 
M:i 
64. 5  63 . 5 
� Mean � 3 .  67 . 5  7 0. 5 69. 1  72 .6 68 . 9  • m:s 63 .2  . 9
2 30 63 . 5  64. 5  68 . o  70. 0 68 . 0 69 . 0  67 . 0  6.5 . 0  64. o  61.5 59. 0  
2 30 62. 5 64. o 68 . 0  69. 0 69. 5 69 • .5 66 . o  65 . 0 64. o  61. ·o .59 . 0  
9 30 68 . 5 63 . 5 66 . o  72 . 0  69 • .5 74. 0  69 • .5 64 . o  64. o 62 • .5 60 • .5 
9 30 68. 5 
� 
65. 0  
� 
68 0 5 74.5  69. 5 63 . 5  63 . 5  6lo 0 60.5 
Mean 6.5. 8  3 . 9 � 7 • 68 0 9  71.8 b8.0 � 63 . 9  hl. • .5 .59.8 
2 34 61. 0 6.5 . 0  67 . 0  69. 0 7le .5 69. 0 66 . o  63 • .5 62 . 5  61. 0 .58 . 5 
2 34 62 . 0  60. 0 66 . o  67 • .5 71. 0 69. 0  66 . o  6.5 . 0  62 . 0  60o .5 58 • .5 
9 34 67 . 0  71. 0 68 0 0 7 0. 0 68 . o  73 . 0  69. 0 6L, .5 62 . 5 60. 5 .58 . o  
9 34 66 . 5 
� 
65 . 0 
� 
67 0 0  73.5 69 • .5 62 . 0  63 . 5 60. 5 59 . 0 
Mean m:I • 9 bbo5 9 • W-4 71. 1 t?T:6 � b2.b bQ.b 58 • .5 
2 38 61. 0 62 . 5  66 . 5 65 . 0 68 . 5  67 • .5 64. 5  63. 0 61. 0 60. 0 57. 5 
2 38 6 0 ., 0 62 . 0  66 0 5  64. 5  69o 5 68 . 0  65 . 0 62 o 0  61. 0 58. 0 59. 0  
9 38 64. 5 6lo 0 63 . 5  68. 5 64 .5  72 • .5 68 . 0  61. 0 61. 0 59. 5 58.5 
9 38 66 . 5 62 . 5 63 . 0  68. 0 66. 5 72 • .5 67 • .5 61. 5 63 o 0 60. 0 58. 5 
Mean 63 . 0 62 . 0  b4.9 bbo5 67 . 2  7 0. 1  � 61. 9 61. 5  .59.,4 � 
7 0 
DATA SHEET II 
SOUND PRESSURE LEVELS ALONG A SPHERICAL RADIUS 
� = 90° ( in front of tractor ) No load on engine 
R = radial distance in feet from assumed acoustic center 







were taken ( see Data Sheet XI ) 
4o 
82 o 5 
82 . 0  




87 . 5 
88 . o  
89 . 0  
89 . 5  
88:-3 
Frequency ( cycles per -�econd) 
6 3 8 0 100 J2 5 -..-16
--
0
-----.-2 ..... 0.._0 _..,,...2 5�0�-3�1�5 -4
r-O�O 
72 . 0 74. o 79 . 0 73 . 0 7 0 . 0 64 . 5 65. 0 63 . 0 65 . 5  
68 . 5  74 . o  79 . 5  7 0. 0 7 0 . 5  64 . o  64 . 5  64 . 5  69 . 0 
71. 5 73 . 5  79 . 0 69 . 0  71. 0 65 0 5  68 . 5 65 . 5  7 0 . 5  
72 . 0  72 . 0 78 . 5  67 . 5  71 . 0 66 . o  68 . 5 65 . 0  72 . 5  
71. 0  ?M 79 . 0 69 . 9 7 006 65 .. 0 00-b � b9.4 
3 18 80. 0  82 . 5  
3 18 so . a 86 . 5  
4 18 78 . 5 87 . 5  
4 18 78 . 5  87 . 5  
69 . 0  71. 5 75 .5  68 . 5  69 . 5  66 . 5  
78 . 5  71. 5 76 . 5  71. 5 68 . 5  66 . o 
7 0. 0 7 0 . 5  77 . 5 65 . 0  68 . 5  65 . 0 
70 . 0 69 .5 77 . 5 65 . 5  69 o 5 66 . o  
71. 9 7 0 . 8  76. 8  W-b 69. o 65 .. 9 
64. 5  63 . 5 66 . o  
65 . 0 64. 0 66 . 5 
66 . 5 62 ., 5 67 . 5  
65 . 5 62 . 0  67 . 0 
� � bbod  Mean 79. 2  86. o  
3 22 77 0 5 87 o O 680 0 69 . 5  '74· . 5  65 . 0 65 . 0 62 . 0 61., 0 590 0 64., Q 
3 22 78 . 5  85 . 5  66 . 5  68 . 5  74 . 5  63 . 5  65 . 5 6 0 . 0 64. 5  59o 5  64 . o  
4 22 75 . 5 86 . 5  7 0 . 5  75 . 0 74 . 5  64 . 5  68 . o  64 . o  64. o  61. 0 69 . 0 
4 22 76 . 5  86 . o  7 0 . 0  7 0 . 0 76� 5  63 ., 5  69., 5 65 o 5  64. 5  62 . 0 64 . 5  
Mean 77 . 0 86. 2  68 . 8  7 0 .8 75 . 0  t>4. l  b?:-6 b2 .. 9 63 . 5  m � 
3 26 74 . o 83 . 0 74 . o  68 . 5 74 . 5  60 . 0 65 . 5  61. 0 6 0 o 5  6 0 . 5  64 . 0 
3 26 74 0 0 83 . 5  67 . 0  65 . 0  ?J . O  61. 0 63 . 0  60 . 0 62 . 0  58 . 5  61. 0 
4 26 75 . 0  83 . 5  69 . 5 66 . o  72 . 0 60. 5  65 . 0 65 . 0 63 . 0  60 . 0 64. 5  
4 26 75 . 0 84. o 66 . 5  66 . o  72 . 5  60 . 0 63 . 5 64 . o 63 . 5  58 . 5  65 . 0 
Mean � 83 . 5  69 . 2 bbc,7,: 73 . 0  bOJ+ M.2' 62 . 5  °62 . 2  59 .I;: � 
3 30 72 . 5  81. 0  73 . 0  68 . 0 73 . 0 71. 0 64 . 0  61. 5 63 . 0 57 . 0  59. 0 
3 30 75 . 5  83 . 0  66 . 5  65 . 0  7lo 0 60 . 0 62 . 0  61. 0 61 .. 5 56 . 5  61. 0 
4 30 74. o 83 . 0  65 . 0  65 . 5  72 . 5  60 . 5 64 . o  63 . 0  61. 5  57 . 0 63 . 0  
4 30  7 3 . 5  82 . 5  65 . 5  65 . 0  72 . 5 59 . 5  63 . 0  63 . 0 62 . 0 57 . 0  62 . 0 











79 . 0 
7 5 . 0  
74. o  
72 . 5 
75 . 1  
73 . 5  
72 . 0 
7 3 . 0 
72 . 5 
72 . 8  
86 . o  7 0 . 0 70 . 0 68 0 5 57 . 0  62 . 0  6 0 . 0 61. 5  55 . 0 61. 5 
83 . 0  72 . 0  68 . 5  7 0 . 0 60 . 0 62 . 0  5 9 . 0  59 . 0 55 . 0 60 . 5 
82 . 5 64 . 5  64 . 5  71. 5 57 . 5 60. 5  62 ., 5 60_. 5  56 . 5  62 ., o 
82 . 5  65 . 0  64 . o 71. 5 60 . 5  61., 5 62 . 0  60 . 5  55 . 0 61. 0 
83 . 5  67 ., 9 � 7 0A 58 . 8  Dl.5 60. 9 m 53:4 61.2 
82 . 0  65 . 5  61. 5  69 . 0 59 . 5  62 . 0 61. 0 59 . 5  59 . 0  61. 0 
81. 5  68 . 5  75 . 0  68 . 5 59 . 5  61. 5 6 0 . 0 56 . 0  56 . 5  60 . 5 
81. 5 67 . 5 6J . 5  70 o 5 57 o 5  62 . 5  62 o Q  59o 5 57 o 0 62 o 0 
82 o Q  65 . 5  6J . Q  70 o 5  63 . 0 64o 5 62 . 5 63 0 5  56 . 5  60 . 5 
81. 8 bbo7 65 0 8  b9ob 59 o 9 62 .6 � 5906 57 o 2  61. Q 
71 
DATA SHEE:r II (Continued) 
SOUND PRESSURE LEVELS ALONG A SPHERICAL RADIUS 
¢ = 90° (in front of tractor ) No load on engine 
R = radial distance in feet from .assumed acoustic c enter 
TP = time period when sound pressure level readings 
were taken ( see Data Sheet XI ) 
TP R Fr�uenci �clcles Eer second} 
tQQ 63Q 
6QQ lQQQ Jg50 1600 2000 2500 �150 4000 tooo · 3 14 6 oO 7 0o5  71. 0 72 . 0  73 . 5  75 . 0  72 o 0  71. 0 9 . 0 65 . 0  2 . 5  
3 14 69 . 5  7lo 0 73 . 0  74 . 0  73 . 0  76 . 5 72 . 5 71. 0 69. 0 64 . 5  . 63 . 0  
4 14 71'. 0 72 . 0  72 . 5  72. 5 71. 0 76 . o 73 o 5  72 . 0  69. 0 65 . 0 64 . 5  
4 14 71. 0 70.5 
� 
73 o.5 71. 5 76 . o  73 . 5 71. 5 69. 5 64 . 5  64. o 
Mean 69. 9  71. 0 7 0 73 . 0 72 .2 75. 9  72 . 9  71.4 69. 1  m:-s 63 . 5  
3 18 68. 5 69. 5 71. 0 71. 0 70. 5  72 . 5  69 . 0 68 . 5  67 . 0  63 . 0 59.5  
3 18 68. o  68., 0 71o 0 71. 0 68 0 5  72 . 5  68 . 5 68 . 0  67 0 0 62 0 0 61. 0 
4 18 68. 0  69 . 0  71. 0 73. 0 69. 5 73 . 0 69o 5  69. 0 67 ,, 5  62 ., 5 61.5 
4 18 68 0 0 7 0 . 0 72. 5  72 . 0 
� 
71. 0 7 0o 0  69o 0 67 . 5  63 . 0  6L, 5 
Mean 68. 1  69 . l  71.6 71. 8  9. 5 72 .2  69. 2  b8.b 67 . 2 62 ., 2 60. 9  
3 22 67 . 0  66 . 5 68 . 5 69 ., 0 67 . 0  69. 5 66 . 5  66 . 5  66 . o  61. 0 58 . 0 
3 22 66 . o  68. o  70. 5 69. 0  67 . 0  7 0 . 5  68. 5 66 0 0 65 ., 0 60. 0 58 ., 0 
4 22 65 . 0  67 . o  69. 0 70 . 0 67 . 5  71. 0 67 . 0  65 o 5  65 . 5 60. 5 59. 0 
4 22 66 . 5  68 . 5  7 0. 0 69. 0 68 0 0 7 0. 0 66 0 5  66 . 5 66 . o  61. 0 59. 5 
Mean bb.l 67 . 5  69. 5 69.2  WJi 70 . 2 67 . 1  "6b:I b5.b b().b 38."o 
3 26 62 ., 5 67 . 5  69. 0 66 . 5 67 ., 0 68 . 0  67 . o  65 . 0 64. o 60., 0 57 . 0 
3 26 63 . 5  64. 5  68 . 0  67 o 5 67 . 0  68 0 5 66 . 5 64 ., 0 64 . 5  60. 0  58 . 0 
4 26 63 . 0  66 . 5 68. 5 68 . 0  67 0 0 67 . 5  65 . 5 64. 5  64 . 5  60. 0 57 . 5  
4 26 64. o  66 . 5 68. o  65 o 0 69 ., 0 67 . 0  66 . 5 64 o 5 63 . 0 60. 0 58 . o 
Mean 63 . 2  bbo2 b8.4 � 67 .5  w:s � � �. o b5:o 57 .6 
3 30 63 . 0  66 . 5 67 . 5  65 o5  64. 5  65 . 0  67 . 5 63 . 0  63 . 0  58 . 5  55 . 5  
3 30 62 . 5  64 . 5  67 . 5  66 .5 65 . 0 65 . 5 66 . o 64 . o  63 . 5 59. 0 56 . 0 
4 30  61. 5 65. 0 67 . 0  66 . o  66 . o  65 . 5 65 . 5 63 . 0  62 . 0  59. 0 57 ., 0 
4 30 63 . 5  64. 5 66 ., 5 66 . o  690 0 67 0 0  .65 . 0 63 . 0 62 . 5  59. 0 56 . 5  
Mean 62 .5 65. 1  67 . 1  � bb.l 65.8 -a:o 63 . 2  62 . 8  58. 9  56.2  
3 34 62 . 0  64 . 5 66 . 5 64., 5 65 . 0  64. 5 65 ., 0 61. 0 61. 5 57 . 5 56 . 5 
3 34 61. 0 64. o 66 ., 0 64. 5  63 . 5 64., 5 65 . 0  62. 5 62 ., 5 58. 0  _54 ., 0 
4 34 62 .5 65 . 0  65 . 0  65 ., 0 65 ., 5 65 ., 0 64. 5 62 0 0 61. 5 57 . o  54. 0  
4 34 63 . 0  66 ., 0 65 . 5 69. 0 66 0 5 64 ., 0 64. 5 62 . 5  61. 5 58 . o 55. 5  
Mean 62. 1  � � b4o8 65. 1  � � 62. 0  blJ3 57 06 55. 0  
3 38 63 . 0  63 . 5  64. 5 63 0 0  66 . 5 64 . 5  65 . 0 62 o 0 6lo 0 57 . o  53 . 5  
.3 38 62. 5 63 . 0 64 . o  63 . 0  66 . 5  64. o 63 ., 5  62 ., 5 61. 5 56 . 5  54. 5 
4 - 38 61. 0 63 . 5 63. 0 62 . 5 66 . o  64. 5 63 ., 0 62 . 0  61. 0 58 . 5 54. o  
4 38 62. 5 65 . 5  63 . 5 64 0 0 66 . 5  66 . 5  63 .5 62 . 0  61. 0 57 ;, O  51. 5 
Mean 62. 2  63 o 9  � 63 . 1  bba4 � � 62 o l 6lo l 57 o 2  - 53 .4 
72 
DATA SHEET III 
SOUND PRESSURE LEVEIS Al.ONG · A SPHERICAL RADIUS 
¢ = 180° ( left side of tractor ) No load on engine 
R = radial distance in feet from assumed acoustic center 
TP = time period when sound pressure level readings 
were ta.ken ( see Data Sheet XI ) 
TP R 40 
Freguenci (czcles Eer secondJ 
400 50 t>3 80 100 125 lt>O 200 250 315 
. 3 14 78o 0 89 . 0 69. 5  
I 
69 o 0 66 . 5 70 . 0 73 o 5 7 0 o 5  77 o 5 73 . 5 7 0o 5 
3 14 78o 0 89 . 0  75 o 0 7 0 o 0 77 o 0 68. o 72 ., 5 7 0 . 0 69 0 0  66 . o  70 . 0 
4 14 79. 5 89 . 0  72 . 5  7 0 o 0 77 . 0  67 . 5  74. 5 68 0 0 68 . 5  66 ., 5 69. 0 
4 14 7 9 . 5  89 o 5  72 o 5  69 o 5  77 . 0  67 . 5  72 . 5  6 9 . 0  68 . 5 67 o 5  7 0. 0 
Mean 78 . 8 89 . 1  73 o4 70.0 77 .1 68 . 1  73 o 2 "69:4 "6"8 0 8 � "69:8 
3 18 76 . 0  87 . 5  72 . 5 68 . 0  76 0 0  65 . 5  69 ., 0 68 0 5 68 . 0 64 0 0 68 . 0  
3 18 76 . 0 87 . 5 73 . 5 69 . 5  76 0 5  67 . o 7 0 o 5  69 ., 5 69 . 0 64 ., 0 68 . 0 
4 18 79 . 0 87 . o  74 . 0  71. 5 73 o 5  68 ., 5 73 . 5  69 . 5  66 . o  63 ., 0 67 ., 5 
4 18 77 . 0  87 . 5 72 o 0  68 . 5  75 o 0 68 . 5  73 . 0 69 ., 5 67 . 5  66 . o 68 . 5 
Mean 77 . 0  87 .4 7 3 . 0 69 .4  75 ., 2 b7o4 71. 5 69 . 2  w.r; 64. 2 68 . 0 
3 22 74 . 5  86 . o 7 0. 5 66 . 5 73 . 5  69 0 0 69. 0 71. 5 67 0 0  63 ., 0 68 . 0 
3 22 74 . 5  84. 5  72 . 5  73 . 5 75 . 5 66 0 0 7 0 . 0 67 . 5 65. 0 61. 0 65 . 5 
4 22 77 . 0  86 ., 5 69 . 5  67 . 5  740 5  650 0  71. 0 68 0 0 64 .5 61 ., 5 66 . o 
4 22 77 . 0  86 . 5  69o 5 68 . 0 73. 5 66 0 5 7 0.  0 67 ., 5 66 ., 0 60. 5 67 ., 0 
Mean 75 . 8  85 . 9  7 0 . 5  �� ·74. 2 "6"6;8" 7 0 . 0 � 65";6 61.. 5 � 
3 26 77 . 5  84 . 5 73 o 0 67 0 0  72 o 5 68. 0 71., 0  64 ., 0 64 . 5  59 . 0 67 0 5  
3 26 74 . 5  85 . 0 68 ., 0 7 lo 5  72 o 5  64. 5  71. 0 69 ., 5 74 . 5  58 . 0  65 ., 5 
4 26 7 5 ., 5 84 ., 0 74 . o 68 . 5  72 . 5  64 . 0 68 . 0 66 . 5 65 ., 5 59e 5 650 0 
4 26 74o 5 83 . 5  68 ., 5 6.5 ., O z1.� 61., 5 69 ., 0 66 ., 5 64. 5  58 o 5 65 ., 0 
Mean 75 ., 5 � 7 0 . 9 ��-6 72 . 2  t>'4:5' w.s � fil. 2  58. 8 b5.b 
3 30  75 . 5 84. o 67 0 5 66 ., 0 '?O c  5 6J a 5  7 0 • .5 69 . 0  64 ., 5 60 ., .5 62 . 0 
3 30  73 . 5 83 . 5  68 . 5 69 ., 5 69,i 5 61. 0 67 (1 5 7 3 . 5 66 G 5 58 . 0 62 . 5  
4 30  75 . 0 83 . 5 67 . 5  65 ., 0 7 0. 0 60 ., 0 68. 5 65 . 0  63 . 0 58 . 0 . 62 . 5  
30 75 . 0 83 ., 5  67 0 0 65 0 0 70 . 0 64 ., 0 6? . 0  7 0. 5  63 . 5 61. 0 60 . 5 
Mean 74. 7 83 .6 67 .6 � 70 ., 0 62 ;, l � 69o5 � 59.,4 61 ., 9 
3 34 80 .5  8L .5  77 ., 0  69. 5 77 . 0  62. 5 67 . 0  69 . 5 64 . 0  56 . 0  67 . 0  
3 34 73 . 5  82 . 0  7 0 . 0 64. 5  7L O 61. 5 66 . 5  68 . 0 67 . 0  56 . 0  69 ., 5 
4 34 74 ., 0 82 ., 5 66 . 5  66 . o  71. 5 66 ., 5 67 . 0 67 e 0  62 . 5  56 . 5 61., 0 
4 34 73 o 5  81. 5  65 0 5 64 ., 5 70. 0 59a 0 65 . 5 64 ., 5 6 0 o 5  56 ., o 630 0 
M,an 75.4 8lo 9 "69:8 � 72�4 b2o4 bM b7o2 ?;3 .5 56 ., l 65 o l 
3 38 76 0 5  80 0 0 70 o 5  71., .5  70 o 5 68 .. 5 68 0 0 69 ., 0 64 o 5 70 ., 0 690 5 
3 38 7lo 5 80. 0 7lo 0 73 ., 0 74 ., 5  7 0., 0 69 0 5  72 ., 5 7 0 o 5  65 0 0 62 ., 0 
4 38 7l o 5 80 o 5 67 o 5  69 ., 5 69 • .5 64., 0 63 . 0  6J o 5  61. 5 55 ., 0 60 ., 5 
4 38 7 0 o5 80 ., 0 63 ., 5 63 . 0  69. 5 57 o 5 61. 0 64 ., 5 64 e 5  650 0  6l o 0 
Mean 72 o 5 80 ., l 68 0 1 69o 2  ?I:o b5oO � 67 .,4 65 ., 2 63 08 63 ., 2 
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DATA SHEET III (Continued ) 
SOUND PRESSURE LEVEIS AI.ONG A SPHERICAL RADIUS 
� = 180° ( left side  of tractor ) No load on engine 
R = radial distance in feet from assumaj. acoustic center 
TP = time period when sound pressure level readings 
were ta.ken (see ' Data Sheet XI ) 
TP R e,30 
Freguenci .icicles Eer seeondJ 
3150 �000 5000 500 800 1000 1250 1500 2000 2500 
· 3 14 71. 5 72 . 0 72. 5 77 . 0 800 0 79 . 5 80. 5 72 . 5 72 . 0 67. 0  64. 0 
3 14· 73. 0 73 . 0  72.5  77  .· o 82. 5  79o 0 79. 5 71  • .5 71. 5 67 . 5 . 64. 5 
4 14 73 . 0  73 . 0  71. 5 76. 0 81. 0  80 0 0 77 . 5 74. o  71. 0 66 . o  64. o  
4 14 71.5 72 . 0  71.5 77 o 0  79o 0 79.5 78 o 5 
� 
72 o5 66 0 0 64 0 0 
Mean 72 . 2  72 . 5 72. 0 � � 79o 5 79o 0  7 0 71.7 � b¾l 
3 18 7 0. 5 7 0. 0 71. 0 74 . 5 77 . 5 76 o 5 74. 5 69 . 0  69. 0 65 . 5 62 • .5 
3 18 68. 5 69 .5  68 . 5 73 • .5 74. 5 77 . 0  76 ., 0 68 . 5 68. 0 64 . o  63 . 0  
4 18 73 . 5 71. 0 72 . 5  72 ., 5  72 . 0  76 . o  75. 0 69 . 5  68. 5 64. o 62 . 5 
4 18 71., 0 70 . 0 74 . 5 7 0. 0  71. 5 76 . 5 75. 0  7 0. 5 68 .j 64. 5 62 . 5 
Mean 70. 9 7 0 . 1 71.6 72 .6 73. 9 76. 5 75., 1 W-4 b·8-� 5 M-5 � 
3 22 68. 5  69. 5 67 . 5 69. 0 70. 0 ?4o 5 74. 5 65 • .5 66 . o  63 • .5 62 . 0  
3 22 68. 0 67 . 0  70  • .5 67 . 0  71. 0 75 . 5 75. 0  67 . 0  66 . o  62 0 5 60. 5 
4 22 7 0. 5 68 . o  72 . 0 67 . 5 72. 0 74. 5 73 . 5 68. 5 66 . o  63 ., 0 59. 0  
4 22 71. 0 68 . 0  70 .5 66 � 0  7lo 5 75 . 0  75 . 5 69. 0 67 . 0 62 . 5 60. 0 
Mean 69. 5 68 . 1 7 0. 1 � 71. 1 74. 9 7U 67 . 5 °6b.2 62. 9 � 
3 26 67. 5  66 . 5 71. 0  63 . 5 68 . 5 75. 0 73 . 0  65 . 5 66 . o  61. 0  57 • .5 
3 26 68 . 5 67 . 5 68 0 5 65. 0 68. o 74. o 74o 5 67 . 0  66 . 5 61., 0 58. 5 
4 26 68. 5 66 . o  71. 5 65. 0  72 . 0  74. o 7 0. 5  68 . 0  66 . o  61. 0 59. 0  
4 26 7 0. 5 68. ,5  69. 5 65 . 5  7 0 . 0  7 .3 . 0  71. 0 66 . o 64. o 62 . 0  60. 0 
Mean '68:8 W-1 70. 1  � b9c,b 74. 0  72 . 2  bb.b b5-:-G 61.2  58. 8 
3 30 62 . 5 66 . o  69. 5 64. 5 71. 0  73. 0  72 . 0 65 . 5 64. o 59. 5 58 . o 
3 30 62. 5 65 . 0  69o 5  63 . 0  68 . 5 73 . 0 73 . 5 64 0 .5 64. 5 59. 5  58. 5 
4 30 69. 0 66 . o  69. 0  65. 0  71. 0 75 . 0. 71. 0 64 . 5 64. 5 ..58 . !i 57 . 5 
4 30 69. 0  66 0 0 71. 0  65 . 5 72. 5 75 . 0  71. 5 64 . 5 *tt:, 
60.5 57 .5 
Mean b5°:8 65 . 8 � � 70J3 %. 0 72 . 0  � 59. 9 57 . 9  
3 34 66 . o  69. 0  71. 5  63 . 5  70 . 0 73 . 0  72 . 0  64. o  64. o 59. 0  55 . 0 
3 34 67 . 0 64. o  69 . 5 63 . 0  67 o O  73 . 5 71 • .5 63 . 5 63 • .5 58 . 5 56 .  5 
4 34 64 . 5 65 . 5 70o 5  65. 5 68 . 0 73 o 5  690 0  63 . ,5  64. o 58o 5  .57 . 0  
4 34 66 . o 
� 
71.5 66 . o 
� � 
� 
� � � �g:g Means 65o 9  0 70. 8  � 7 . 9 73 ., 7 0. 5 3 ., 5 3 o 5 5 0 
3 38 65 . 0  64 0 0 67 . 5 63 0 0  64 . o 72. 0 69. 0  63 . 0  61 • .5 57 ., 5  55 0 5 
3 38 63 . 5 64 • .5 68 • .5 62 . 5  64 ., 0 ?2 ., 0 69. 5 64. 5 60 0 .5 57 o 0 55 ., 5  
4 38 63 . 0  64 ., 0 67 ., .5  6.5. 5  66 0 5 73 .5 69o .5 62 . 0  60.o.5 58. 5  54., 5 
4 38 66. o 64 0 0 68 .,.5 66 . 5 68 0 0 71. 5  69., .5 6lo .5 6L, .5 56 .,5  55 ., 5  
Mean � b¾l 68 0 0 � b_5ob 72 . 2  W-4 b2:-B bl., O 57 .4 .55 . 2 
74 
DATA SHEET IV 
SOUND PRESSURE LEVELS ALONG A SPHERICAL RADIUS 
¢ = 27 0° ( in back of tractor ) No load on engine 
R = r�dial distance in feet fr.om assumed acoustic c enter 
TP = time period when sound pressure level readings  
TP R 





were taken ( see Data Sheet XI) 
40 
78o 0 
78 o 5 
77 o 5  
77 o 5  
77 o 9  
. 
Frequency (cycles per second) 
63 80 100 125 160 200 250 
660 5  
68 0 5  
67 ,, 0 
67 0 0  
67 ,, 2 
400 
64 . o 
_ 66 0 0 
64 ,, 5 
7 0 o 0 
bbol 
1 18 77 o 5  86 0 5  72 o 0 69 05  75 o 5  66 0 0 72 o 5  65 0 0  66 0 5  64 o 5 62 o 5  
1 18 77 o 0 86 0 5  69 o 0 68 0 5  75 o 5  68 0 0  69 c 5  64 o 0 65 o 0 6J o 5  62 o 5  
2 18 75 o 5  87 o 0  7lo 0 69 0 0  76 . 5 65 o 0  690 0 65 0 5 64o 5  64 o 5 6J o 0 
2 18 76 o 0 87 o 0  7lo 0 67 0 0  76 0 5 63 o 5  69 0 0 64 o 5  64 o 0  64 o 5  64 o 5 
Mean 76 o 5 86 0 8 7 0 0 8 b8o5. ?boO 65ob 7 0a 0 b4o8 � "64:2 63 o l 
1 22 74 o 5  86 0 0  69 o 0  66 0 5  75 o 5  6J o Q  67 0 5  62 o 0  6J o 5 68 0 0  64 0 5 
1 22 74 o 5  86 0 5  7 0 o 0 7l o 0 75 o 0 6J o Q  6? o 0  6J o 5  64 0 5  63 0 0 62 0 5 
2 22 74 o 5  85 o 5  69 05  66 0 5  75 o 5  62 o 5  65 0 5  62 o 5  6J o 5  62 o 0  6lo 0 
2 22 74 o 5 86 0 0  69 0 0 66 0 5  75o 5 ?J� Q  69 0 5  63 0 5  64o 0 63 0 5 62 o 0 
Mean 740 5 86 0 0  w;r;. w:-6 75A "65)+ 6? o4 b2 o 9  b3 o9 � 62 o 5 
1 26 74 o O 84 o5  68 0 5 65 0 0  7J o 5  6lo O 65 0 0  62 o 5  6lo 5  60 0 5 61 0 5 
1 26 74 o O 84 0 0  69 o .5  66 0 0 TJ ., Q  6L 5 7 0o 0  62 o O  6l o 5 63 0 0 59 0 0 
2 26 73 o 5 8lo 5  68 0 5  66 0 0  73 o 5  6lo 0 65 o 5  6O o O 6l o 5 60 0 5 62 o O 
2 26 7J o O 8J o 5 66 0 0 66 0 0  73 o 5  6O o 5  65 0 0  6 O o O 61 0 0 610 0 62 0 0 
Mean 73 o 6 83 )'.} bI3: 1 b·_5o3 73--;r; ·�c 6 bb�- bt.°� i 6104 610 i 61 0 1 
1 30  73 o O  8J o O 66 0 0 67 0 5  74 o Q 62 o5 64o 5  66 0 0 6O o O 61 0 5 57 0 5 
1 30  73 o O 8J o O  66 0 5  67 0 0  7J o O 6lo O 64 o O 6 0 0 5 60 0 0 62 0 5 58 0 0 
2 30  7 Oo 5  82 o O 65 o O  6J o O  72 o O 6 O o 5 65 0 0  6 O o 5 61 0 0 61 0 0 58 0 5 
2 30  7l o5  82 . 5 66 0 5  6J o 5  72 o 5  6O o Q 65 0 5  6lo 5 6 0 0 5 62 0 0 56 0 5 
Mean 72 o O 82 06 "6b:o b5� 72·. 0 9 6L 6 i9+�8 62 o l  60 04 6L 8 57 ob 
1 34 73 o O 82 o O  680 0 67 0 0  7lo 5 63 o O  64 o O  59 o 5 60 0 5 61 0 0 58 0 0 
1 34 75 o O 8O o5  66 0 5  7 0 o5  ?6 0 5  75 o 5  65 o 5  62 a O  6 O o O 59 0 5 55 0 0 
2 J4 69o 5  80 ., 0 65 0 0 62 o 5 7lo 5 58 o O 6J o Q  59 o O 59 o .5 59 ., 5 56 o 5 
2 34 69 o O 8O o O 64o5  63 0 0  71 .,5  58 o 5  63 0 0  6l o 5 58 o 5 61 0 0 57 0 5 
Mean 7106 80 ob bbc6 b5 J
3 
720 8  63 0 8  �"3 o 9  b0a 5 59ob bO"2  s'6:8 
1 38 72 o 5  82 o Q 75 o 0 68 0 5  70 o Q 62 o 5 7 O o Q 7 O o O 62 0 0 59 0 5 55 0 0 
1 38 73 o 5 8O o 5 65 o O 64 o O  69o 5 62 o 5  6lo O 6 O o 5 6 0 0 0 59 0 5 62 0 0 
2 38 67 0 5 79 o 5 6) 0 5  62 o 5  72 o Q 58 o 5 62 o O  59 o 0 59 o O 59 0 0 57 0 0 
2 J8 680 5 79 o 5  66 0 0  64 o 5 7lo O 6O o5  6lo 5 59 o 0 59 o O 58 0 5 55 o 0 
Mean 7 O o 5 80)} b7o7 m:�9 '7 0 "b 61� 0 � �l '6o:o 59 o2 57 a 2  
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DATA SHEET IV (Continued ) 
SOUND PRESSURE LEVELS ALONG A SPHERICAL RADIUS 
¢ = 270° ( in back of tractor ) No load on engine 
R = radial distance in feet from assumed acoustic center 







were taken ( see Data Sheet XI ) 
630 
7 0 o 0 
67 0 5 
68 0 5  
7 0 o 0 
Woo 
Frequency ( c;ycles per second) 
800 1000 1250 1600 2000 2500 
70 o 5  74o O 75 o 0 71. 5 7 0 o 5 68 . 0 
68 0 5  74 o 5  75 . 0 72 .0  72 .0 66 0 5  
73 . O 75 o 5  78 . O 74 o 5 74 o 5  7l o O 
73 o 5  75 o 5  77 o 5  75 o 0 77 o 0 7lo 5  
'?l)+ ?°4:9 76.,4 73 . 2 73 . 5  69 o 2  
65 0 5  
65 0 5  
69 . 5 
73 .,0 
� 
3150 4000 5000 
66 . O  63 . O  61. O 
66 0 0 63 . 5  . 610 0 
69 . O 63 . 5  62 .0  
69 .0  64 o 5 63 o 5 
67 o 5 bJob bl;§ 
63 o 5 6 0 o 0 6 0 o 0 
64 0 0 60 o 5  60o 5  
65 0 0 62 . 0 59 o 0 
65 0 5 6lo 5  59o 5 
m:-3 6100  59 08 
1 22 65 .0  66 0 5  67 . 5  74. o 68 0 5 66 00  67 00  6J o 5  6O o 5  59 . O 58 . 5  
1 22 6J. O  64 .0 67 o 0 71o 0 69o 5 67 . 5  67 0 5  65 0 0  6 0 o 5  57 o0  56 o 5  
2 22 62 .0  65 .0 69 . 5 690 0 72 .0  7 O o 5  72 .0  67 . 0 65 . 5 59 . 5  58 . o  
2 22 63 . 0 65 0 5 69o 5 7lo0  72o5  69 o 5 71., 5  67 . 0  62 o 5  58 . 0 59o 0 
Mean 63 .2 b5o 2 "6s)r 71:S 7o·�b, b8�4 b9. 5 b� � 58:4 58 0 0 
1 26 61. 5 64 0 0 6 5 0 5 7 0 0 5 69 0 0 6 5 0 0 6 5 0 5 62 0 0 610 5 .56 0 5 54 0 5 
1 26 59 . O  6J o 5 66 . O  7 lo0  69o 5 65 . 0  65 o 5 62 o O  60 . 5 57 . 5  55 . O 
2 26 64. 5  64 . O  65 o5  67 0 0  7l o O 67 o 5 66 0 5  64 . O 59 o 5  56 o 5  55 . 5 
2 26 63 .0  66 . o  65 o 5  68 . 5  68 00  66 . 5  66 . o  65 o 5 6 0 0 5 57 . 5  54 . 5  
Mean °62:0 � b_S.b b9o 2. ·b9o4 � '65 0 9 bJ )} bO o 5 57 . O  34:9 
1 JO  59 o5 6l o 5 64 . 5 67 o 5  66 0 5  64 . 5 65 . 5  60. 5  58. O 55 o O 54 o O 
1 JO  6J o O  6lo 5 66 00  68 . 5  66 . O  63 o 5  64 . O  60. 5  59 . 5 56 o O 53 . 5 
2 JO  62 o 5  62 . 5  65 o 5  68 0 0  7J o 5 66 0 5  66 . 5  6J . 5 59 o 5 56 . 5 55 .0  
2 30 62 . 5  63 .0  66 . O  68 0 5  76 o O  66 00 65 o 5 6J o O 59 o 5  56 o 5  55 . 0  
Mean 61. 9  b2. l 65 0 5. b8 .i 7 O o5 bSoI bSJ+. 61. 9  59 .. 1 3b:o 34:4 
1 34 58 o0 6 0 o 5  64 o 0 68 0 5 66 . 5  6J o 5  64 o 0 58 . 0 59 o0  55 . 5  5J o 0  
1 34 6 0 . 5  6 0 o 0 63 ., 5  6J o 5  64 . 5 63 0 0 6J ,, O 60o 0 57 . 5  57 . 0 52 . 5 
2 J4 6lo 5 62 o0 66 . 5  68 0 0 65 . 5  65 0 0 65 0 0 62 o 0 57 o 0 57 o 0 5J ., 0 
2 34 59 . 5  60 .0 65 00 68 00  73 ., 5 65 . 0, 65 . 0  61., 5  59 o 5 56 . 5 _54. o 
Mean 59. 9 65:b' b4:B 67o O 6io -5 °64.i m:z m 58 . 2  56 o.5 53 o l 
1 J8 57 ., 0 59 o 0 6J o 5 69 . 0 68 0 5 6J . O  63 o 5  59 . 0 56 0 5  _54. Q 5J o 5  
1 38 59. O 62 .0 64 . O  69 o 5  68 . O  64 . O 63 .0  58 o 5  56 . o  55 o O 5l o 5 
2 38 59 o 5 59.0 6O o 5 6J o 5 69 o 5  64 . o 64 . 5 57 o 5 57 o 5  53 o 5 54. O 
2 38 59 0 0 22_� 62 ., 0  62...t.2 ftl.?.Q 64 aj_ � 60.0 0 � � 52..sS 
Mean 58ob 59o 9 62 o 5  66 . 1  68 02 6J o 9  63 ., 9  58 . 8 56 o 9  54 o2 52 ., 9  
76 
DATA SHEET V 
SOUND PRESSURE LEVEIS ALONG A SPHERICAL RADIUS 
� = o0 ( right side of tractor ) 8� load on engine 
R = radial distance in feet from assumed acoustic center 
TP = time period when sound pressure level readings 
were taken ( see Data Sheet XI ) 
TP R 40 
Fresuencz (cicles Eer second) 
50 53 80 Ioo 125 100 200 250 315 400 
- 9 14 87 o 5  93 . 0 75 . 0  80 . 0 83 . 5 77 . o · 78. 0 75 . 5  76. 5 75 . 5  81. 0 
9 14 87 . O 93 . 0 75 . 0 80 . 0 83 o 5  74 . 0 77 . 0  76 . 0 75 o 5 76 0 0 . 8lo 5  
9 14 90. 5 91� 0 75 o 5  82 o 5 82 . 5 76 . 5 76 0 0 74 . 0  75 . 5 74 o 5  70. 0 
9 14 89. 5 9L, 5 74 o5  8J o0  83 . 0 77 . 5  76 . 0 7 3 . 5  75 . 0 73 . 0 7J o0 
Mean 8806 92 . 1  75 . 0 81.� 83 o l  76 . l 7b.8 %:s 75:-6 � 76:4 
9 18 85 . 5  91. 0 73 . 0  78 . 0 82 . 0 76 . 5 75 . 5 74 . 0  74�--o 73 . 5 77 o 5 
9 18 86 . o  91. 5 7 3 . 5  77 . 5 82 . 0 74 . 5 75 . 0 74 . 0  74 . 5 74. 0 78 o0 
9 18 88 0 5 90o0  78 . 5 8l o 0 82 . 0 78 . 0 75. 5  7 3 . 0  74 . 5 72 . 5 70 . 5 
9 18 88 .5 90 . 5 74 . 5 81. 5 81.,5 78 . 0 75 o 5  74 . o  74 . 5  72 . 0 71.5 
Mean 87 . 1  90 . 9 74. 9 79. 5 8lo 9 76. 8 75 o4 73 .8 � 7J o0 � 
9 22 84 . 5 88 . 5 71. 5 79 . 0  82 o 0 76 0 5  74o0  72 . 5 73 o .5  73 o0 73 . 0 
9 22 84 0 0 89. 0  71. 0 78 o0 81. 5 76 0 5  74c0 73 . 0  73 o 5 73 o0 72 o 5  
9 22 86 . 5 89. 0  73 . 0 77 o 5  78 o 5  77 . 5 75 . 0  73 . 5 73 . 0 72 0 0 7lo 5  
9 22 87 .. 0 89 . 0 72 . 0  78 . 0 78•o 5 77 . 5 75 o 0 73 . 0  73 . 5 71. 0 7 0 . 5  
Mean 85 . 5  88 . 9 71. 9 78 o l  80. 1 77 .6 74 . 5  73 . 0  n-1+ 72 .,2 7la 9 
9 26 84 . 0  87 . 5  7 0 0 0 78 . 0  80 . 5 75 . 0  73 . 0 72 . 5  72 . 5 72 . 0  69 . 5 
9 26 83 . 5 87 . 5  73 . 0 78 . 0 80 . 5 75 . 0 73 . 5  7 1. 5 73 . 0  72 . 0 71. 0 
9 26 86 . o  87 . 5  7 0 .  0 76 . 5  7b . 5  75 . 5  7 3 . 0 72 . 0 72 ., 5  7 0. 5  69 . 0 
9 26 86 . o  ?] . 5  7 0 . 0 76·. 5 76 ., 5  74 . 5 73 . 0  73 . 0  73 ., 0 67 . 5 67 0 5 
Mean � 87 . 5 7 0 . 8  77 . 2  78 . _5  75 . 0  73-:T 72 . 2  72 . 8  7 0 . 5 69 . 2  
9 30 83 . 0  87 0 0 69 . 5  77 . 0 80 . 0 73 . 5  72 . 0 72 . 5 71. 0  70 o 5 67 0 5  
9 3 0 83 . 0  87 0 0 69 . 0  77 . 0 80 0 0 73 . 5 72 . 0  7 0 . 5 71 . 0 6'9 . 0 68 . 5 
9 30 85 . 5 86 . o  68 . 5 75. 5 75 ., 5  74 . o. 7 1 . 5 7 0 . 0  72 ., 0 69 . 0  67 . 0 
9 30 85 . 0  86 . 5 69 . 5 76 . 5 76 . 0 75 ,, 0 72 . 0  71. 0 72 ., 5 67 0 0 68 ., 5 
Mean 84':"I � "69 . 1 76-. 5 77-:§ 74 . 0 71.9 71. 0 71� � 67 . 9 
9 34 82 . 5 86 . o  70 . 0 7 3 ., 0 75 . 0  74 . 5 71. 0 7 0 o 5 7 0 . 5 69 . 0  67 0 5  
9 34 83 .. 0 85 . 5 68c3 74 o 0 75 . 5  74 . 5  7 0 . 5  7 0 . D 70 . 5 69 . 5 67 . s  
9 34 84. 0 ·· •  _ _85 ., 0 69 .. 0 76 ,. 0 76 . 0 71 . 5  7 1. 0 7 0., 5  72 , 0 68 . 0 68J) 
9 34 84 o 5 85 ., 5  68 0 5 77 . 5  77 ,, 0  71 . 0 70  • .5 7 0 . 0 7l e 5  67 . 0  67 . 5 
Mean 83 . 5 85 . 5 69 . 0  75 . 1 75 . 9 72 . 9 7 0 . 8 7 0 . 2  7 1 ., 1 68 .4  tfT:6 
9 38 81. 5  85 . 0 68 . 0  72 . 5 74. 5 74 . 0 7 0 . 5 69 . 5 68 ., 5 67 " o 65 . 0  
9 38 81. 5 85 o 0 67 . 5  74 . 0 76 . 0  72 . 5 7 0 . 0 69 . 5 69 . 0  67 . 5  66 ., 5 
9 38 82 . 0  85 . 0  68 . 0  74 . 5 77 . 0 73 . 0  69 . 5 69 . 5 690 5  68 . 5 66 ., 0 
9 38 
� 
� 67 . o  73 . 5  75 ., 5 74 o 0 7 0o 0 7 1 . 0 74 . o 68 . 0  67 0 0 
Mean 0 85 . 1  tfT:6 73 06 75 .8 73� 70 o 0 b9 . 9 70 . 2  67 0 8  "66:I 
77 
DATA SHEET V (C ontinued ) 
SOUND PRESSURE LEVEIS ALONG A SPHERICAL RADIUS ¢ = oo (right side of tractor ) 8($ load on engine · 
R = radial distince in feet from assumed acoustic center 





































were taken ( see Data Sheet XI ) 
500 630 
81. 0  81. 0 
80. 0 80. 5 
79 . 0  75 . 0  
76 . 0  76 0 0 
79 . 0  78 .1  
79. 5 80. 0 
79. 0  80. 0 
75 . 5 72 . 5 
� 
72 . 0  
77 . 76. 2 
77 . 0  76 . 5 
77 . 0  77 o 0 
75 o 0 73 . 0  
72 . 5  71. 5  
75.4 74. 5 
75 . 0 72 . 5  
74. 0  72 . 0  
72. 0 7 0 . 5  
71. 0 7 0. 0 
73 . 0  71. 2  
74 . o  7 0 . 5 
72.5 68. 0  
69 . 5 68 . 0  
69 . 5  70. 0 
71.A 69 o l  
69 0 5 67 . 5  
69. 5 68. 0  
68 . 0  67 . 5 
7 0 . 5  69. 0 
� 68 ., 0 
67 0 5  67 ., 5 
68 0 5  67 . 0  
7 0 . 5  66 . 5 
70 . 0 67 ., 5  
69. 1  67 .2  
Fre%uenci 80 1000 
76. 0 76. 0  
75. 0 76 . 0  
75 . 0  75. 0 
75. 0 75 . 0 
75 .2 75 . 5  
74 . o 74 . 5 
74. 5  76 . 0  
72 . 0  74 . o  
73 . 0 73 . 0  
73.4 74 .,4 
72. 0 73 . 5  
72 . 0 72 . 0 
71. 0 73 . 5  
71. 0 72 . 5  
'71. 5  72 � 9  
71. 0 71. 5 
7 0. 5  71. 5 
69. 0 70 o 5  
69 0 0  7 0. 5  
69 . 9  71. 0 
7 0 . 5 7 0o 0 
69. 5  69. 0  
68. 5  690 5 
69. 5  7 06 0 
69. 5  � 
68 ., 5 68 • .5 
68. 0 68 ., 5 
65 ., 0 67 . 5  
67 0 5  690 0 
b?. 2 � 
67 . 0 68. o 
67 . 5 67 . 5  
67 . 5  67 o 0  
67 ., 5  67 o 5  
67 o 2 67 ., 5  
c oles 
1250 
77 . 5 
78. 5 
78 . 5  
78 . 0  
78 . 2  
75,, 5 
77 . 0  
75 . 5  
77 . 0  
76o2 
74 . 5 
74 o 0 
75 . 0 
75. 0 
� 
72 . 5  
73 o 0 
73 o 0 
73 o 5  
73 . 0  
71. 0 




70. 5  
69. 5 
70. 5  
70.  0 
70o l 
70 . 5  
71. 0  
69. 5  
70 ., 0 
70 ., 2 
er second 
1 00 2000 2500 
78. 0 77 . 0  76. 0 
79 . 0  76 . 5  74. 5  
80. 0 77 . 0  74. o  
80 . 5  78 . 0  
� 79 .4 77 . 1  7 . 8  
77 . 0  7411 5 72 . 0  
76 . 5 74 . 0  73 . 5  
78 . 0  76 . 0  72 . 5 
78 . 0  74 . o  72 . 5  
77 .4 74ob 72 .6 
76 0 5  73 . 5 71. 0 
75 . 5  73 ., 0 7 0 o 0 
76 . 5  73 . 5  70 ,, 0 
•76 . o 73 . 0 
� '%.f 73 . 2  7 • 
75. 0 71. 0 68 . 5 
75 n 5  71. 0 69 . 5  
74 o 0 71 . 5 69. 0 
75 . 5 73 . 0 69. 0 
75 . 0  71.6 "6"9 . 0  
73 . 5 7 0 . 5 68 . 0  
73 . 5 7 0 o 5  68 . 0  
73 . 5  71. 0 67 . 5 
73 . 0 7 0 . 5  67 . 5  
73 .,4 7 0.6 � 
70 .5  69. 5 65. 5 
71. 5  69. 0 67 . 0  
72 . 0  7 0 . 5 66 . o  
72 o 0 . 7 0 . 0 67 . 5  
71.5 69 . 8  bb.5 
71. 0 68 . 5  66 . o  
70 . 5 68 ., 0 66 . 5 
70. 5 7 0 o 0 65 . 0  
70 ., 0 7 0.  0 65 ., 0 
70 ., 5  69 . 1  � 
73 . 0  
72 o 5  
72 . 0  




70 ,, 0 
� 9 . 9
69 . 0  
68 . 5 
68 . 5 
67 . 0  
68 . 2  
68 . 5  
68 . 0  
66 . o  
67 . 5 
67 . 5 
66 ., 5 
67 . 0  
67 . 5  
67 . 5  
b7 . l  
65. 0 
65 ., 0 
65 . 5  
66 . 5 
b.5. 5  
000 2000 
73 . 0 70 . 0 
72 . 5 . 69. 5 
71. 0 68 . 5  
70. 5 68 . 0  
71. 8 69. 0  
70. 0 68 . 0  
69 . 5  67 . 5 
68 . 5  67 . 5 
68 . 5 67 o 5  
69. 1  t?T:b 
68 . 5  65 ., 5 
69. 0 64 . 5 
68 . 5  64. 5  
66 . o 64 . 5  
68 . 0  b4J3" 
66 . 5 64 . 5 
67 . 5  63 . 5  
65 . 5  63 . 5 
65 . 5  64. 5 
"66:2 m:o 
65 . 5  64 . 5  
65 . 0 63 . 5 
64 . o  63 . 0  
65. 5 63 . 0  
65 ., 0 63 . 5  
65 . 5 62 . 0  
64 . o :  62 . 5  
64 ., 5 62 . 0 
64 o 5  62 . 0 
� 62 . 1 
63 . 5  61 ., 5 
64 . 0  6lo 5 
64 . 0  60. 5  
64 ., 0 
� 63 . 9  1. 2
78 
DATA SHEET VI 
SOUND PRESSURE LEVELS ALONG A SPHERICAL RADIUS 
¢ = 90° ( in front of tractor ) 8 afo load on engine · 
R = radial dis¼nce in feet from assumed acoustic center 























10 3 0 
10 30 












were taken ( see Data Sheet XI ) 
40 50 
89 o 5  94. o  
88 0 5  94 o 5  
89 o 5  91. 5 
90 . 0 92 . 0 
89 .,4 93 . 0 
88 . 0 92 . 5  
87 . 5 93 . 0  
88 " 0  90. 0 
88. 0 89 . 5 
87 o 9  91., 2  
86 0 0 88 . 5  
85 ., 0 88 0 5 
87 o 5  88 0 0 
86 . o  88 0 5 
86. 1  88 .,4 
85 ., 0 87 o 5  
84 0 0 ss . o  
87 o 0  8? . o  
87 0 0 8? o 5  
85 0 8 8? o 5  
84 0 0 8? o 0 
84 . 5 87 .- 0 
86 . o  86 . 5 
85 . 0 87 o O  
8479 Bbo-9 
84 o 5  86 ., 5 
84 ., 0 86 0 5 
8J ., 5 86 ., 0 
82 ., 5 87 o 0  
83 .b g,5 
8J o 5 86 ., 5 
83 o 5  86 ,, o 
82 ., 5 86 . 5 
82 ., 0 86 05 
82 o 9 86 .4 
Frequency {cicles Eer sec ond} 
t>3 160 80 100 125 
76o 0 82 o 5 85 . 5 76. 5  ?4o 5 
76 0 5 82 0 0 86 . o  75 o 0 76 0 0 
74 . o 8J o 5  83 . 5 78 o 5  73 . 0 
74 . 5 §.2.!2 84 0 0 72!2 73 o 5  
75 o 2 82 . 9  84 0 8 77 e4 74 ,, 2 
74 . 5 79 . 5 84 0 0 76 0 0 74 �5 
74 . 5 79 o 0 83 .5 77 . 0 7 3 . 0 
72 . 5 81. 5  82 . 5 76. o 72 . 0 
74 o 5 82 o 5 82 . 0  76 0 5  ? L O 
74o 0  80 06 83 . 0 � 72 .6 
72 . 0  80 ,, 5 82 ., 5 7L 5 71., 0 
72 • .5 81 0 0 82 . 5 72 ., 5 72 " 0 
7L .5  80 0 0 79. 0 75 . 5  7 0 ., 5 
71.  0 8l o 0 82 . 0 72 o 0  70,.5 
7L 8 80)) 81., 5 -;?z'o 9 7L 0 
?0 o Q 79 . 5  81  .. 0 7 0 . 5 7 0 o 5  
70 . 0 79 o 0 81. 5 7lo 0 7 0 . 5  
74 . 5  79 o5  78 o 5  72 ., 0 69 ., 5  
70 o 5  77 . 5 79 . 0 71. 5 72 o 0 
7L2
° 
?8 0 9  so. o 71:Z 7o:r; 
7 0o 5  75 o 5  T? o 0 72v 5  69 ., 5 
69 . 5 75 o 5  77 ,, 0  72 ., 0 7 1. 5  
7 0 ., 5  7 9 . 5  79 ., 0 73 . 5  69 ., 5  
70o 0 78 . 0 78 ., 5 69 ., 0 68 0 0 
7 0 . 1  77.i 7779 ?i.,8 69ob 
71 . 5 79 . 0  78 o 0 7J o 0 69 . 5  
7 0 . 5  78. 0 79 . 0  7 00 )  69., 5 
72, . 5 78 ., 5 79 . 5 71 ., 0 69 ., 0 
69., 5  76 . 5 79 . 0 69 0 0  68 ., 5 
71�: o' 783>' 78 ., 9' 7 0 .,  9 69 o l  
7 0 . 0 76 0 5  78 ., 5 7 0 o 5  68 0 5 
76 ., 0 76 . 5  78. o 69 ., 0 69., 5 
7L, 0  ?6 0 5 ?B o o  7L O 68 " 0 
73 . 0 77 o 0  78. 5 7 0 ,, 0 71., 5 
72 . 5 %7"6 '?802 7 0 o l b9J+ 
200 
77 o 5  
78 o 0 
75 o 5  
76 . 0 
%:s 
77 " 0 
75 . 5 
75 . 0 
74 " 0 
75 e 5  
74 . 0 
75 o 0 
73 o 5  
73 . 5  
·74.0 
7 3 . 5  
74 o 5  
72, ., 5 
7J o Q  
73 :-zr; 
72 o 0 
73 . 0 
72 . 0 
7 L 0 
72 ., 0 
72 ., 0 
72 .,5 
73 o 0  
71., 5 
72 o 2  
71. 0 
73 . 0 
7 0., 5 




8lo 5  
77 o 5  
7 9 ., 5  
79 ,, 9 
79 o 0 
79 (1 5 
78 . 5  
77 e 0 
78 .6 
76 0 5  
77 ., 0 
76 0 0  
76 ., 5 
7b3 
76 . 5 
76 . 5  
74 . o 
74o 5  
75 )+ 
75 o 0 
75 . 0 
74o O 
74., 5  
�6 
74 ., 5  
74 ., 5  
74 ., 5  
7 3 . 5 
� 
73 ., 0 
73 . 0 
72 o 5 
74 . o  
73 ., 1  
315 Z}oo 
79 . 0 83. 5 
78 . 0 . 8J o 0 
77 . 5 73 o 5  
78-!2 73 o .5 
78 " 2  78 .4 
77 " 0 77 . 5 
75 . 5  78. 5 
76 . 0 72 . 5 
72 e 5  72 . 5 
75 . 2  75 . 2  
74 ., 0 73 ., 5  
75 ., 5 73 ., 0 
72 o 0 72 . 0 
74 . 0 71., 0 
73 11 9 72 .4 
72 . 5 74. o  
72 . 0 73 . 5 
?L O 71 . 5 
?lo 0 7 0 ., 0 
7L6 72 ., 2 
73 . 0 72 . 5 
7 0 . 5  74 . 0  
7 0., 5 68 . 5 
7 0 ., 5 69 ., 0 
71. 1 71. 0 
68 (1 0 71., 0 
7 0 ., 0 68 ., 0 
68 ., 5 7 0 ., 5 
69 ., 0 7 0 . 5 
b8 ., 9 7 0 ., 0 
68 ., 0 68 0 5 
69 ., 0 68 ., 0 
68 ., 0 71., 0 
68 ., 0 7 0. 5 
b8 . 2· b9. 5  
79 
DATA SHEEI' VI (Continued) 
SOUND FRESSURE LEVEIS ALONG A SPHERICAL RADIUS 
(J = 90° (in front of tractor ) 801, load on engine · 
R = radial distanc� .in feet from assumed acoustic center 
TP = time period -when sound pressure level readings 
were taken ( see Data Sheet XI ) 
TP R Fr�uenci {crcles Eer secondJ 6 0 800 1000 12 0 . 1600 2000 000 
10 1 3 o 0 77 o 5 78 o 0 · 78 o 0 1. 0 77 . 5  9 ;, 5  
10 14 8l o 5  78 . 0 76 . 5 78 o 0 79o 0 77 o 5  7 0 0 0 
10 14 80 . 0  77 . 5  75.5 77 . 5  79o 0 77 o 5  " 68 0 5 
10 14 8l o 0 76 o O  77 o 0 78 o 0 78 o 0 77 o 0 67 o .5  
Mean 8l o4 77 o 2 76. 8 77 . 9  79o 0 77 .4 68 . 9  
10 18 79. 5 8l o 0 76 o O  75o 5 77 o 5 77 . 5  75. O 73 o 0 71. 0 69 . 5  68 0 0 
10 18 80. 0  80 o5 75 o 0 75 .5  79. 0 77 o 0 76 0 0 73 . 0 73 . 0  69. 0 67 . 0 
10 18 79. 0 77 ,, 5  76 o 5  75 o 0 75o 5 77 . 0 76 o .5 74 o 0 7l o 0 69. 0 67 • .5 
10 18 800 0 77 . 0 74o 0 
� 
77 o 0 75 o 5 
� 
73o 0 w.t 
67 . 5  65 0 5  
Mean 7906 79. 0 75 o4 750 77 o 2 76. 8 750  7J o2 7 0 68. 8  67 ., 0 
10 22 78 . 0 76 0 0 74 o 5  74'., 0 76 0 5 75 o 0 ?4o 5  72. 0 72o 0 68 . 5 66 ., 5 
10 22 79. 0  78 ,, 0 73o 5 73 o 0 76 . 0 74 . 5  73 o 5  7l o 5 ?lo O  67 . 5 66 ., 0 
10 , 22 78 . o 77 o 5  7l o 0 ?J o 0 74. 5 73 o 5 72 ., 5 71. 5 7 0 . 0 68 0 0 66 . o 
10 - 22 78 . 5 76 o O  73 . 5 72 o 5  73. 0 73 . 5  73o 5 7 0o 5 70 ., 0 66 ., 5 6-6 . 5 
Mean 78.4 76. 9  73 . 1  73 . 1  75 . 0 74o l 73 . 5  71.4 7 0 . 8  W-:6 '56:2 
10 26 78 • .5 76 . 0 72 . 5 73 . 0 73. 0 74 . o 73 o 0 7 0. 0 69o 0 66 • .5 63 . 5  
10 26 ?80 0 76 . 5  72 o 0 72 o 5  ?4 o 5  7) o 5 73. 0 69 . 5  69o 5 67 . 0 65 . 5  
10 26 77 o 5 75 ., 0 71. 0 72 o 0 73 . 5 72 . 5 71. 5 69. 5 68 0 5 65. 0 63 . 0  
10 26 77 . 5  76 0 0 7l o 5 71. 5 
� 
72.5 7lo 5 
� � 
65. 5 63 . 0 
Mean 77 . 9  75o 9 71. 8 '72 . 2  730  73 ol 72 o 2 9 o o 9  w.o � 
10 30  77. 5 75 o 5  70o 5 72 o 0 73 o 0 72o 0 7 0o 5 67 . o  67 . 5  66 0 0 63 ., 5  
10 30  76 . 0 75o 5 70. 5  7l o 0 73 o 5 72 . 5 71. 5 68 . 5 67 o 0 65 . 5  630 0 
10 30 75 ., 5  75 o 0 72 o 0 7lo5  72 o 5 69 . 0  7 0 ., 0 68. 0 66 0 5 63 ., 5 62 o 5 
10 30 
� 
73 o 0 
� 
70o 0 72 ., 0 7 0 .2_ 69 . 5  67 o 5 
*g:� 
64o 5 62 0 0 
Mean 7 0 74. 8  71.  7lol 72 .8  71. 0 7 0.,4 67 0 8 b4o9 62 . 8  
10 34 77 . 5 74o 0 70 . 0 69. 5 72 . 0 7 0 . 0 7 0o 5  68. 5 67 . 0 64 0 0 6l e 5  
10 34 75 o 5 74. 5  7 0 . 0  70o 5  7l o 5 72. 0  7 0o 5 68 0 0 66 • .5 64 ., 0 62 . 0 
10 34 74 e 0 73 . 5 7 0o 5  71. 0 7L, O  72, o 5 7 0o 5  65 0 5  6.5 e 5 6J o 5  61., 0 
10 34 76 . 0 72 . 0  7 0 . 0  69 o 5  71.5 70 .5  70o 0 66 0 0 66 0 .5 63 o 5 61. 5 
Mean 75 08 73 o5 70. 1 7 0 ., 1 71. 5 71., 2 70); 67 . o  � 63:S 61., 5 
10 38 74 • .5 73 o 0 7 0 ., 5  71. 0 71. 0 69 o 5  7 0o 0 68 0 0 66 . o  64 0· 0 60. 5  
10 38 74 . 5 73 o 0 67 . 5  68 . 0  70o 5 70. 5 70o 5  66 . o 65 . 0 63. 5 62 . 5 
10 38 75o 0 68. 5 7 0o 5  7 0. 0  690 0 69 .5  69. 0 66 . 5 65 . 0  62 o 5 61. 5 
10 38 75 o .5 73 o 0 69. 0 69. 0 690 0 71. 0 69 o 0 66 0 5 65 . 0 64 o 5  62 . 0 
Mean 74. 9 71o 9  � � W-9 70ol Web' � b3. 2  b3ob 6l a 5 
80  
DATA SHEET VII 
SOUND PRESSURE LEVEIS AI.DNG A SPHERICAL RADIUS 
¢ = 180° ( left side of tractor ) 8 CJ% load on engine 
R = radial distance in feet from assumed acoustic center 
TP = time period when sound pressure level readings 
were taken ( see Data Sheet XI ) 
TP R Fr�uencz (crcles Eer second} 
!±Q SQ flJ 8Q M}Q W.o J�Q 200 250 :us �QQ · 5 14 88 0 0 9Oo .5  7 o O 8L, 5 . 5  7 0 0 72 o Q 7 5 o 5  73 . 5 79. 5  
5 14 86 0 5 9lo .5 75o 5  8lo 5 8J o 5  ?J o O 75o 5  72 o 5  75 . 5 7 O o 5 ?8 0 0 
6 14 9Oo O 9J o O 75 o O  82 0 5 84 0 5  78 .. O 76 0 5  74 o O 7 9o O 74o O 74 . 5 
6 14 � � 
� 
8J o5 84 0 0 79 o O 
� 
74o O 78o 5  75 . 5 7J o O 
Mean 88 0 5 92 . 1  7 o 9 82 0 2 84. 1 760 0 75 0  73 .. 1 77 . 1  73 o4 76o 2 
5 18 85 .. 5 89. O  78 o O 80 0 5 85 o O  8O o O 7lo O 77 . 5  75. 5  7 0., .5  78 . 5 
5 18 86 . 5 91. O 77 . O  80 0 0 85 o 5  8O o 5  76  .. 0 78 . O 7LJ- 0 0 69 • .5 77 ., 0 
6 18 88 • .5 91. 5  74 o 5  8O o O 83 ., 0 76 .. 0 73 .. 5 7lo O 78 .. O 73 • .5 74 . o 
6 18 
� 
9lo 5  74 . O  8O. O 
� 
76 e O 74 .. O 7L, .5 76 . 0  73 . O  73o 5  
Mean 0 8  90 .8  75 . 9  8O o l 0 78 o l 7 3 .6 74., 5  75 . 9 7106 75 .8 
5 22 82 o .5 88 • .5 86 . 5 89 ., 5 88 . _5  78. o 79o 5  71. 5 72 • .5 68 0 5 77 o O 
5 22 82 o 5  91. O 81 ., 0 82 o 5  8J o O 82 ., 5 71., 5 7lo O 7 3 . O  69o O 76 . 0  
6 22 87 o 5  89 .5 71 .. 5 81., 5 81. 5 75 o 5  71. 0 7 Oo O 75 . O  690 5 72 o 5  
6 22 87 . o  
� 
72o 5 79Q 81. O 75 . O  7 0 ., 5 71., 0 74 . O ?lo 0 72 ., 5  
Mean 84 .. 9 9 ., 77 ., 9  8J o2  8J o 5  77 .. 8 73 o l 7Oo 9 7 3 .6 69. 5 740 5 
5 26 84 . 5 88 ., O 82 ., 0 87 . o  84 ., 5 82 .. O 78 ., 5  69o .5 72 ., 0 77 . O  76 0 0  
5 26 82 ., 5 9Oo O 81 ., 0 79 . O 88 ., 5 8J o 5  87 ., 5 7O o 5 7 0 o 5  69 ., 0 ?? o O  
6 26 86 ., o 88 .. 5 7l o O ?? o 5  78 ., O 75 o O 72 o 5  7 0  .. 5 7J o 5 68 0 0 71 ., 0 
6 26 85. 0  89 o 5  ?L O 77 o O ?9o 5  75 o 5  7 lo O 69 0 5  73 ., 5 69 o 5 72 o 5  
Mean 84o 5 89 o O 76 ., 2 80 .,i 82�· 79o O 77 )+ 7 0.  0 72 .,4 ? Oo 9 74. 1  
5 30  84 ., 5 88 ., O ?6 . 5 79., 0 80 ., 5 73 ., 0  71 ., 0 68 ., 5 7 0. 5 66 . o  74 . 5 
5 J O  81. 5 87 ., 0  7J o 5 76 ., .5  81 ., 5 74 0 5 79 ., 5 75 .. 5 ?L O 68 . 5 74 . o 
6 30 85 . O  86 ., .5 69 .. 5 78 ., 5 78 .. 5 74 ., 5  69 .. 5 69 .. 0 70 tt 5  67 . 5 71. 5 
6 30  84 . 5 87 . o 72 ., 5  78 ., O, 79 ., 0 72 . •  0 68 tt 5 69 ., 0 710 5. 68 ., O 71., 0 
Mean 83 . 9 87 c, l 73 ., 0  ?B:o 79 . 9  73 ., 5  72 ., 1 7 0., 5 7 0 ., 9 W3 72 .8 
5 34 80 ., 0 85 c, 5  74 ., 5  80. 5 77 ., 5 74 ., O 74 . O  69 . 0  69. 5 66 . 5 73 ., 0 
5 34 79c, 5 86 ., o 74 ., 5  77 . 5 77 . 5 67 ., 0  67 0 5  67 ., 0 7 0 ., 0 66 ., O 76 ., O 
6 34 84 ., O 85 ., 5  70 0 0 76 ., 5  77 o 5  72 ., 0 68 ., 5 68 0 0 69 ., 0 67 . 0  7 0 ., 0 
6 34 83 o 5  87 o O  72 o 5  75 o 5 ?8 0 5  70 ., 5  68 ., 0 67 0 0 71., 5 67 . 5 ?O o O 
Mean 810 8 86 0 0 72 o 9 77 ., 5 77 ., 8 7 O o 9  69., 5  b7o 8' 7 0 ., 0 u:s 72 o 2 
5 38 83 o O 88 0 0 ?6 0 5 7 9 0 )  80 0 0 79 . 5 66 0 0 64 . 5 68. 5 77 . 5  ?8 0 0 
5 38 82 ., 5 83 . O  76 0 5  75 o O 77 o 5 72 ., 0 66 . 5 67 . 5  77 ,. 5  65 ., 5  72 o 5 
6 38 82 . 5 86 0 0 68 . O  75 ., 0 77 o 5  71.  0 67 ., 0 66 . 5  69 ., 5  66 0 5 68 ., 5 
6 38 83 ., 0 84 o 5 67 o .5  76 ,, 0 76 ., 5 72 0 )  67 ., 5 66 0 0 68 . 5 65 ., 0 7 0 ., 0 
Mean 82 . 8 85 .1:j: 72 oi � 77 ., 9  73 ., 8  bbo8 b6ol 7 1. O b8ob 72 . 2  
81 
DATA SHEET VII (C ontinued ) 
SOUND PRESSURE LEVEIS ALONG · A SPHERICAL RADIUS 
¢ c 180° ( left side of tractor ) 80% load on engine 
R = radial dista.nce in feet from assumed acoustic c enter 






















5 3 0 
5 3 0 
6 3 0 












were taken ( see Data Sheet XI ) 
500 63 0 
86 . 5 82 . 0 
84. o  8 0 . 5  
83 . 5  82 . 0 
83 ., 5 82 . 0 
84A 81 06 
7 9. 0 77 . 0 
8 0 . 0 76 . 5  
79 ,, 5 80 . 0 
8 0 . 0 8 0 . 0 
7 9.6 78A 
76. 0 76 ., 0  
76 . 0 79. 0 
78 . 0 75 . 0 
79 . 5 77 o 0 
77 .4 760 8 
74 ., 5  69 ., 5 
82 ., 0  73 ., 5 
77 . 0 73 . 5 
74 . o  72 . 5 
76. 9  72 ., 2 
72. 0  7 0 ., 5 
73 . 0 69 ., 5 
77 . 0 72 ., 5 
77 ., 5  73 . 0 
74., 9 7L4 
73 . 0 69 . 5 
73 . 0 68 . 0 
76 0 0 71. 0 
74 o 0 7 0 0  0 
74., o � 
7 0 . 0 72 ., 0 
71. 5 68 . 5 
74 . 5  7 0 . 0 
76 o O  69 . 0 
73 . 0 69. 9 
Frequenc;y: { c;zcles �er second J · 800 1000 1250 1 00 2000 25 00 
75 . 0 79 . 0 77 . 5  77 . 0 75 . 0 74. 5  
75 . 0 78 . 5  78 . 0  77 . 0 75 . 0 75 . 0 
75 . 0 74 . o 78 . 0  79 . 0 79 . 5 77 . 0 
76 ., 5 75 . 0 78 . 5  78 ., 0  78 . 0 77 . 0 
75 .4 ?bob 78 . 0 77 . 8 76. 9 75 . 9 
72 . 0 73 . 0 72 . 5 75 . 0 73 . 5  73 . 0 
72 . 0 72 ., 5 71. 5 75 . 0 74 . o 72 . 0 
72 . 5  73 . 0 76 . o  78 . o  77 e 0  75 . 0 
73 ., 5  75 . 0 76 ., 5 78 . 5 77 . 5 76 ., 0  
72 . 5 '7 3 .4 74., 1 ?bob 75 .5 74. o  
72 . 0 73 . 5  72 ., 0 74 . 0 72 ., 5  69 ., 5 
71. 0 7 3 ., 0 72 . 0 74 o 5  73 . 5  7 0 . 0 
7 0 . 0 71. 0 74 . o  73 . 5  74. 5 72 . 0 
7 0o 5 72 o 0  72·. 5  72 ., 0  74 . 5 71 ., 5 
7 0 ., 9 72 .4 72-:J; 73 ., 5  73 0 8 7 0 . 8 
68 . 5  69 ., 0  70 .  0 71., 5 71 . 0 67 ., 5 
68 ., 0  69 ., 5  74 ., 5 71 • .5 7 0 . 0 68 ., 0  
7 0 . 5 7L5  72 . 0  75 . 0 72 • .5 71 ,, 0  
72 ., 5 7lo 5  ?:3 . 5  
� 
73 . 5  71 ., 0  
� 7 o)i '72� 73 . 71 " 8 � 
69. 0 67 e 5 69 ., 5 7 0 . 0 68 ., .5 66 ., 0  
67 . 0  68 ., 5 69. 5 72 ., 5  69 ., .5  66 ., 5 
7 0 . 0 69., 5 7 0 ., 5 71. , 5 72 . 0 69 . 0 
690 0 7 0 o 5  72 . 5 73 ., 0  7 3 . 0 69Q 
68 . 8 69 . 0 70 ., 5 71. 8 7 0 . 8 W. 8 
67 . 0 68 . 0  68 . 0 7.0 . 5 68 ., 5 65 . 5 
65 . 5  67 . 5  70 ., 5  7 0 .  0 66 . 5  66 0 5 
66 . o  69 ., 0  7 0 ., 0 72 . 5  71 ., 0  68 ., 0  
69 ., 0  69 ., 0  69 ., 5 73 . 5  72 ., 0  67 ., 0 
� "68:4 b9o 5 71.6 69 ., 5  6bo8 
65 . 5  68 ., 5 67 ., 5 70. 5  67 0 0 64 . 5  
66 ., 5 68 0 0  68 . o 71 . 0 67 ., 0  64 . 5  
67 0 0 67 0 0 70. 5 7 0 . 0  7 0 . 0 67 ., 0 
67 . 5 680 5 68 . 5  7 0 ., 5 69 ., 0  67 . 0 
� b8 ., o bBob 70 .5 68 . 2  '65:S 
3150 
75 . 0 
75 ., 0 
74 . 5  
75 o 0 
74. 9 
7 0 ., 5 
7 0 ., 5 
73 . 5  
72 ., 5 
71. 8 
69 o .5  
69 ., 0  
71 ., 0  
71 " 5 
7 0 . 2  
66 ., 5 
67 ., 5 
68 ., 5 
68 ., 5 
67 ., 8 
66 . 5  
67 ., 0  
66 . 5  
68 0 0 
67 0 0 
64 . 5  
64 ., 0  
68 . o  
67 0 0 
b579 
64 ., 0  
62 . 5 
66 . 5  
66 ., 5 
64 . 9 
4000 5000 
7 0o 5 67 . o 
69. 0 . 66 . 5 
72 ., 5 68 . 5 
72 . 0 69 . 5 
71.. 0 67 . 9 
67 . o  64 . 5  
67 ., 5 64 . 5 
7 0 ., 5 67 ,, 5  
69 . 5 67 ., 5 
bBob bboO 
65 ., 5 62 . 0 
66 ., 5 62 o 5 
67 . O 64 ., 5 
65 . 0  64 0 0 
bboO 63 ., 2 
64 . 5  6 0 ., 0 
65 . 0  6 0 ., 5 
66 ., 5 63 ., 0  
65 ., 0  64 • .5 
65 . 2  62 ., 0  
64 . 5  60 . 0 
62 ., 5 6 0 . 5 
66 . o  61., 5 
6.5 . 0 62 0 0 
643 6le 0 
62 ., 5 60 . 0 
62 . 0 60., 0 
64 . 0 62 ., 0 
65 ., 0 62 ., 0  
� 61 ., 0 
62 ., 5 6 0., 0 
61. O 6 0. 0 
63 . 5  6 0 ., 0 
63 . 0 60 ., 0 
62 . • 5 bM 
82 
DATA SHEEI' VIII 
SOUND PRESSURE LEVELS ALONG A SPHERICAL RADIUS 
¢ = 27 0° ( in back of tractor ) 8� load on engine 
R = radial distapce in feet from �ssumed acoustic c enter 
TP = time period when sound pres sure level readings 
were taken ( s ee Data Sheet XI ) 
TP R Frequency ( eye les per . second) 40 50 63 80 100 : 125 160 
. 5 14 88 . 5  93 . 5 80 . 0 8J . o s4 . 5  76. 5 75 . 5 
5 14 88 . 5  93 . 5  84 . 5  80 . 0  84 . 0  76 . 5  77 . 5  
6 14 87 . 5  91 . .5 7 3 . 5  81. 5  84 . o 76 . 0  73 . 5  
6 14 88 . 0 90 o 5 73 . 5  8lo 5  83 ., 5  76 . 0  72 . 5  
Mean 88 .1  92 . 2  77 . 9  8L5 84 .o 76. 2  74. 8 
5 18 86 . 5  92 . 0 84 . o 80. 5 82 . 5  79 . 0  75 . 5  
5 18 86 . 5  91. 5 76 . 0  80. Q 83 ., 5  75 o 5 79 . 0  
6 18 85 ., 5  90. 5 74 . 0  79 .5  83 o 5 73 ., 5 72 . 0  
6 18 86 . 5 90. 5 73 . 0  80 . 5  83 . 0 74 . 5  71. 5  
Mean 86 . 2  91 .1  76., 8 80 .1  83 . 1 75-:€ 74.5 
200 
76. 5 
76 . 0 
72 . 0  
72 ., 5  
74. 2 
250 
75 . 5  
77 . 0  
77 ., 0  




76 ,. 5 
80 . 5 
85 . 0 
79 . 5  
74 . o  76 . 5  72 . 0 77 . 5  
7 9 . 5 75 . 5  78 . 0 74 . 0 
7 0. 5 76 ., 5 7 0 . 5  78 . 5 
7 0 .  0 7 5 0 5 7 0 0 5 77 0 0 
73 . 5  ?°b:o 72 ., 8  76. 8 
5 22 83 . 0  91., 0 80 . 5  81. 0 81 . 5  ?8 . 5  79 o 0 76 . 5  80 . 0 71. 0  71 . 0 
5 22 87 . 5 92 . 0 85 . 0  81 . 5  83 . 0 80 . 0  75 . 5 74 . 5  75. 0 77 . 0  75 . 5 
6 22 83 . 5  89 . 5  71. 5 78 . 5  83 . 5  72 . 0  70 . 5 68 . 5  75 . 0 7 0 . 0  75 . 5 
6 22 84.5  90. 0 72 . 5  78 . o  82 o 0 71 .5  68 . 5 69 . 0 74 . 5 7 0 . 5  78 . 5 
Mean � 90.6 77 .4 79 .8  82 . 5 75 . _5  73.4 72 . l  76 .1  72 .1 75 . 1 
5 26 83 . 0 88 . 5  74. 5  76 . 0 78 . 5  76 . 5 79 . 0  72 . 5  73 . 0 68 . 5  71. 0  
5 26 87 . 0  89 . 5 86 . 5  78 . 0 80. 0 73 . 5  72 o 5  7 9 . 0 76 . o  68 . 5 69 . 5  
6 26 83 . 5  88 . 5  72 . 5  75 . 5  80 . 0  7 0 • .5 67 . 0  67 . 0  73 . 5 67 . 5  76 . 5  
6 26 84. o 88 0 5  7 0 . 5  76 . 0  79 .5  ? O - o 65 . 5 68 . o  73 . 5  69 . 5  76 . 0  
Mean 84.4 88 ., 8  76. 0  ?6 .4 79 . 5 :72:6 ?L O 7 L6 74. o  68 . 5  73 . 2 
5 30  81. 5  89 .  0 72 . 5  77 0 0 79 .  0 68 . 0, 69. 0 69 . 0 73 . 5  6 9 . 5 72 . 5 
5 30  82 . 5  87 . 5  71. 5 82 . 5  83 . 0 75 . 5  74 . o  73 . 5  71 . 0 71., 5 70 . 5 
6 30  82 . 5 88 . 5 7 0. 0 76 . 5 80 . 0 69 . 5 67 ., 0 68 . 0 72 . 0 67 . 5 73 . 5  
6 3 0  83 . 0 88 ., o 71. 0 74 . 5  78 . o  7 0 . 5  67 . 5  68 . 5  72 . 5  67 ., 5 74 ., o 
Mean 82 .4 _88 . 2 ?Li ?i. 5 E30. 0 7 0 . 9  b§:4 69 . 8  72 . • 2 b9 . 0 72.6 
5 34 81. 5  87 . 5 77 . 0  85 ., 0 83 . 5  84 . 5 81 .5  7 0 . 5  72 . 0 76 . 0 76 . o  
5 34 s2. 5  · 86 . 5  81., 0 75 . 0 80 . 0 75 . 0 71. 0 69 . 0 70 . 0 66 . o  69 . 0 
6 34 81. 5 87 . 5  71., 0 76 . 0 79. 5 71 .0 64. 5  65 . 5  71. 5  65. 0 72 .., 5  
6 34 82 . 0  87 . 5  74 . 5  7 5 . 0 79 . 5 7 0 . j 63 . 5  66 . o  7 0 ., 5  67 . 5  72 . 5  
Mean 81., 9  87 . 2 75 . 9  77:8 8'5:b 75. 2  7 0 . l  67 ., 8 71 ., 0 bM 72 . 5  
5 38 82 . 0  86 . 5 75 ., 5  76 . 5  79. 0 72 . 0 7 0. 0 67 � 0  67 . 5  7 0 . 0 67 . 5  
5 38 80 . 0  86 . o  7 0. 5 80 . 0  79 . 5 78 . 5  75 . 5  7 3 . 5 7 0 . 5 67 . 0 7 0 . 5  
6 38 80. 5 86 . 5 71. 5 73 o 5  78 ., 5  69 o 5  66 ., 5  67 . 0  71. 0 65 0 5 70 o 0 
6 38 80o5 86 . o 68 . 5 74 o 5  78 �5 68 ., 5 62o 5 65 0 0 71. 0 64 o 5 7 0 o 0 
Mean 80., 8 86 . 2  713 ?b .,-i 78 ., 9 72 . 1  m b8 ., l 7 0 ,,0 � W-3 
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DATA SHEET VIII (Continued ) 
SOUND PRESSURE LEVEIS ALONG :A SPHERICAL RADIUS 
¢ = 27 0° ( in back of tractor ) 80% load on engine 
R = radial distance in feet from assumed acoustic center 
TP = time period �hen sound press ure level readings 
TP R 





were taken ( see Data Sheet XI) 
.500 
81 . 5 
8lo 5 
88 . 0 
87 . 5  
84 . o 
630 
81. 5 
80 . 0 
86 . o 
8_5 . 0 
83 . 1 
Frequency (cycles per second) 
800 1000 1250 16 00 2000 2500 
74. o 74. 5 78 . o 78 . o 78 . 5  75 . 0 
75 . 0 74 . 5  7.5 . 5  78 . 0 79 . 0 76 . 0  
78 . 5  79 . 5  78 . 0 77 . 0 76 . 5  76 . 5 
76 . 5  78 . 5  79o 5 76 .0 76 . 0 76 . 0 
?(;. O 76 . 8  77 ,. 8  77 . 2 77 . 5  ?b. O 
3150 4000 5000 
7 0 . 5  68 0 0 
7 0 . 5  67 . 5  
71., 0 69. 5 
7 0. 5 68 . O 
70. 9 68 . 2  
5 18 78 . 5  76 . 5 77 o 0 7 3 o 5 74 . _5 75 o 5 74. 5  74 . 0 73 . 0  68 . 5  65 . 5  
5 18 79 . 0 76 . 5  73 . 5  72 . 5 74 . 5  76 . 5  76 0 0  74 . o 72 o 0  68 . 5 66 . o 
6 18 81. 0 78 . 0 73 . 5 74 . 5  74 . 5 75 . 5  73 . 5  7 3 . 0  72 • .5 68 . 0 66 . 5  
6 18 81. 5 79 . 0 74 . o 74 . o 75. 0 76 . 0  7 3  • .5 73 . 5 72 . 5  7 0 . 0 66 . o 
Mean 80. 0 77 . 5  743 ?Job 74:-6 75 11 9' ?CT 73� 72 . 5  bS:S � 
5 22 77 . 5  75. 0 72 . 0 7l o 5  7 3 . 5  75 . 0 74 . 0  7 0 . 5  71 . 0 67 . 5  64 • .5 
5 22 78 . 5  75 . 0 7 1. 0 69 . 5  7 3 . 5  76 . 0 74 . 5  71 . 5 70 . 5  66 . 5  64 . o 
6 22 77 . 5  76 . 0 72 . 0 72 o 5  74,. 0  73 . 5  72 . 0 71. 5  69. 5 67 . 0  64 . o 
6 22 79 . 5 78 . 0 71. 0 7l o 0 73 �5  7J . 5  72 . 0  71 . 5 69 . 5  67 0 0 64 . 0  
Mean 78 . 2  76. 0 71..5 71 .1  7 3 .,6 7405 73 . 1 7 1.z' 70 . 1 b7 . 0 OCT 
5 26 77 . 5 72 . 5 69 . 5  69 . 5  72 . 5  72 . 5 74 . o 71 . 0 69 . 0 66 . 5  63 . 0 
5 26 78 . 5  73 . 5  7 0 . 5  69 . 5 71. 5  73 . 5  73 . 5  7l o 5  68 . 5  67 . 0 63 . 0 
6 26 77 . 5  76 . 5  7 0 o 5  72 . 0 72 . 0 72 . 0  72 . 0 68 . 0 68 . 5  67 . 0 63 . 5  
6 26 76 . 5  76 . 5  7 0 . 0  71. 0 ?J . O 72 o 5  7 0 o 5  69 o 5  67 0 5 65 . 5  63 . 5  
Hean 77 . 5  74. 8 7 0 . 1 7ro. 5' 72 . 2  72 . •  6 72 • .5 7 0 . 0 M,4 'tl:3 63 . 2 
5 30  74 . 5  68 . 0  68 . 0 69 . 0 69 . 5 71 . Q 72 . 5  69 o 5 68 . 5  64 . 0 61. Q  
5 3 0 76 . 5  7 0 . 0 68 . o 68 . o  7 0 . 5  73 . 0 ?4 . o 69 . 5 67 . 5  64 . 5  61. 5 
6 3 0 75 . 5  73 . 0  69 . 5 7 0 . 0 71 . 5 72 . 5  7 0. 0 68 . 0 67 . 5  65 . 5  62 . 5  
6 3 0 75 . 5  74 . 5  69 . 5  70 . 0 70 ., 5  71. , 0 69 . 5  66 . 5  66 . o 65 • .5 61. 0 
Mean 75. 5  71� "5""8 . 8  °69:2 7 0 . 5  7lo 9 71., 5 m· ""67 )j: � bL 5 
5 34 74 . o 66 . 5  7 0 . 5  66 . 5  68 . 5 72 . 0 72 ., 5  67 . 0  67 0 0 63 . 5  60 . 5  
5 34 74 . 0  70 . 5 68 ., 0  68 . 0  69o 5 70. o 71 . 5  68 . 0 66 . 5  63 . 5  60 ., 5 
6 34 72 . 5  71 . 5 70 . 0 69 . 0 7 0. 5 70 . 5  69 . 0 67 . 0  65 . 5  63 . 5 61. 0 
6 34 75 . 0 72 o 5  68 . 5  69 n 5  70 o 5  70 o 5  68 . 0 65. 5 66 . 5  63 o 5 60 0 5 
Mean 73 . 9  7 0 o 2 b9o 2 b8:2 b9. 8 70 . 8  7 0 . 2 b6:9 bbA bJ:-3 � 
5 38 7 3 . 0  66 . 5  67 . 5  67 . 5  67 0 0  69 o 5 7 1. 5 68 0 5 66 . o  62 . 0  60 a 0 
5 J8 72 o 5  73 o 5  66 0 5  66 0 0  68 . Q  7 0 o 5 74 o 0 67 0 5 65 � 5 62 o 5 60 . 0 
6 38 74 . 5  77 . 5  67 . 0 68 . 5  69. 5 7 0 . 5  7 0 0 0 67 . 0 66 0 0  63 0 5 60 0 0 
6 38 75 . 0 76 . 0 69 0 0  69 . 0 7 0 . 0  69 . 5  68 0 0  65 . 5  64 . 5  62 . 5 6 0 0 0 
Mean 73 . 8  ij)J: W.5 b? 0 8 D8o6 7 0�0 7L o W.Ii' 65 0 5 b2;:6 m 
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DATA SHEET IX 
SOUND PRE3SURE LEVELS ON HEMISPHERE SURFACE 
N = identification number of microphone location ( see Table III) 
TP = time period yhen sound pressUl'e level readings 
TP N 
9 1 


































were taken (see Data Sheet XI) No load on engine 
4o 
76. 5  
76 . 5  
78 . 5  




83 . 5  
80 . 5  
81. 0 
82 . 2  
Frequency (cycles per second) 
6J 80 100 125 160 
69 . 0  63 . 0 67 . 0  66 • .5 66 . 5  
65 . 0  64 . o 66 . 5  66 • .5 66 . o  
6J . O  6J . 5  62 . 5  69 . 5  66 0 .5 
64 . 5  64 . 5 66 . 5 7 0 • .5 66 . o 
65.4  b
)
. 8  b5:6 bB.2  llo2 
200 
71 . 5 80 .5  65 . 0 68 . 0  74 . 5  75o 0 74 0 )  65 . 5 
72 . 5  81 . 0 64. 5  68 . 5  74 . 5  75. 0 74 . 5  66 . o  
73 . 0 80. 5  65. 0 67 . 5  73 . 0 76 . 5 74 . 0  65 . 5 
73 . 0  80 . 5 63 . 5  68 . 0  7J . O  76 . 0  74 o 0 65 . 0  
72 . 5  m 64 . 5  6s . o 73 ., 8 ·75 .6 74 . 2  65., 5 
250 
61 . 5  
63 . 0  
61. 5  
60 . 0 
'61 . 5  
63 . 5  
65 . 0 
65 • .5 
64 ., 0 
64. 5  
315 
60. 0 
59., 0  
58 . 0 
58 ., 5 
58 . 9  
62 . 5  
64. 0 
64 . 0  
63 . 0  
b).4 
400 
64 . 5  
65 . 0  
61. 0 
61 • .5 
�. o 
63 . 5  
64 . 0 
62 . 5  
63 . 0 
63 . 2 
78 . 0 84 . 0 68 . 0 74 . 0 78 . 5  76 . 0 74 . 5 67 0 0 62 .  0 66 . 0 64 . 5  
78 . 5  84 . 5  67 . 5  74 . o  78 . o  76 . 5  74 . 5 68 ., o 63 . 5  66 . 5  65 . 5  
77 . 0  84 . o  71. 5 73 . 5  78 . o 76 . 0  76 . 5  66 . o 64 . o 67 . 0  65 . 0 
77 . 0  84 . 0  67 . 0  73 .5 78 . 0 76 . 5  75 o 5  66 . o 62 . 5  66 . 5  63 . 5  
77 .6 84:I b8°76 73 .8 78;, l 76 .2  75 . 2 � 63:o bb.5 b4.°b 
66 . o 76 . 5  62 . 5  71 ., 5  81. 0 70 . 0 75 . 5  72 . 5  64 . o 60 . 0  63 . 5  
65 . 5  77 . 0 65 . 0 71. 0 81� 5 7 0. 0 75 . 0  72 . 5  64 . 5  60 ., 0  64 . 5  
69. 5 79 . 0 65 . 0 71. 5 7 9  • .5 69 . 0 73 . 5  71 . 0  63 . 5  61. 0 62 . 0  
7 0 . 0  ?8 0 5 6J o 5 71. Q 79 . 5  69 .5  7J o5 7lo 5 6J o5 61. 0 62 . 0  
67 .B  77 .-8 "64:0 7L2 80 .4 °b9:t>· 74Ji 72 ., o 63-:-§· bQ.5 "63'":0 
76 . 5  83 . 5  67 . 0 74 . o 79 . o 74 . 5  75 . 0 67 . 5  66 . 5  65 . 5  65. 0  
76 . 5 83 . 5 67 . 5 73 . 5  78 . 5 74 . 5 75. 0 66 • .5 69 . 0 64 . 5  65 . 5  
7 5 . 5  8 3  • .5 67 . 0 72 . 5  79. 0  75 . 5 76 . 0 67 . 5  67 . 5  66 . o 67 . 0  
76 . o  83 . 0 68 . 5  73 • .5 7 9 . 0 76 . 0 75. 0 67 . 5  67 . 5  67 . 5 66 . o 
760 1  83 .4 67 o _S '?3 04 78 .  9 75 . 1  75o2 tfT:2, 67-;6 65 . 9 65 0 9 
71. 0 7 9 . 5  63 . 5  67 . 0 72 . 0  75 . 0 75o 0 66 . o  64 0 5  61. 5 65. 5  
7 0 . 5  7 9 . 5  63 . 5  67 . 0 72 . 0 75 . 0 75 . 0 65 . 5  66 . 5  63 . 5  65 . 0 
71. 0 7 9. 0  6J o )  6? o 0  7 lo 5  75. 0 75 o 0  65 ., 0  650 0 62 0 5 65 . 5  
7 0 o 5  7 9 . 5  64 . o 6? o 0 72 o 5  74 . 5 75 . 0 66 0 5  64 o 5  62 . 5 65 . 5  
7 0 0 8  79 .'fi- 63ob 67 o 6 72 . o 74. 9 75 . o bS o 8. 65.i 62 . 5· � 
75o 0 81. 5 68 . 5 65. 0 66 . o 63 . 5 65 . 5  6 0 . 5 60 . 0 62 . 0 61. 5 
73 . 5  8lo 0 66 . 0  64 . 5  66 . 5  65 . 0  66 ., 0  62 o 0 59 . 0 62 . 5  60 0 5 
77 . 5  so. a 62 . 5  66 . o 67 ., 5  66 . 5  64 0 0 61. 0 6 0 . 5 57 . 5  58 . 5  
77 . 5  80o 5 62 • .5 §� 67 . 0  67 ., 0  65 . 0 61 0 5 61. 0 0 61 0 0 60 0 0 
75 . 9  so. a  b4 o 9 65 . 5 6M b5 • .5 65 ., i b°io2 60 ., i 6°0 ., 8 bO ., l 
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DATA SHEET IX (C ontinued ) 
SOUND PRESSURE LEVELS ON HEMISPHERE SURFACE 
N = identification number of microphone location ( see Table III) 
TP = time period �hen sound pressure level readings 
were taken ( see Data Sheet XI) No  load on engine 
TP N 500 63 0 
9 1 t55 . 5  65 0 0  
9 1 65 . 0  65 . 0  
10 l· 64 . 0  63 . 0  
10 1 63 . 0 63 . 5  
Mean � 64 . 1  
9 2 7 0 0 0 67 0 0 
9 2 69. 5 66 . 5  
9 2 65 . 0  65 0 5  
9 2 65 . 0  
� Mean 67 .4  0 
9 3 68 . 0  66 . o  
9 3 67 ., 5  67 . 5  
9 3 68 ., 0 68 0 0 
9 3 69 . 0 67 0 5 
Mean 68 ., 1 6
7
. 2 
8 4 63 . 5 65 . 5  
8 4 64 0 0 66 . o  
8 4 63 . 0  65 . 5 
8 4 65 . 5  64 . 5 
Mean 64 . o  65 .4 
9 5 65 . 0  66 . 5  
9 5 65 . 0  65 ., 0 
9 5 65 0 5  6.5 ., O 
9 5 67 ., 0 66 ., 0 
Mean b5ob 65 .6 
9 6 65 0 0 64 0 0 
9 6 65 . 5 64 o 5 
9 6 66 ., 0 64 . 5  
9 6 66 . 5  64 ., 0 
Mean b§.8 64�2 
9 7 66 0 0 64 ., 0 
9 7 66 . 5  64 ., 0 
10 7 65 ., 5  63 . 0  
10 7 62 ., 5 63 . 5  
Mean 65 o l bJ�· 
Freguency (c�cles Eer secondJ 
800 1000 1250 lbOO 2000 
70 . 5 66 . 5  68 . 0  67 0 0 67 o 5  
6 8 . 5 6? o 5  70. 0 67 . 0 68 . 0  
b5 . 5  68 . 0  69 0 0  68 . 0  67 0 5  
65 . 5  7 0. 0 69. 5 6? o 5  66 . o  
b7 . 5  68 . 0  "69":1 'b?)i b7 . 2  
68 . 5  68 . 5  69 . 5  69 . 0  66 0 5  
66 . 5  68 . 0 71. 0 68 . 5  66 0 5  
66 . 5  69 o 5  67 . 5  69 ., 0 65 ., 5 
66 . 5  7 0 . 0 67 . 5  68 . 5  65 ., 5  
67 . 0  � 68 0 8 68 . 8  � 
74 . o 7 0. 0 68 . 5  72 ., 5  67 ., 5 
74 . 5  68 . 5  70 . 0 73 . 0 68 . 0 
73 . 0  69 ., 5  7 0 0  0 71., 0 67 0 5 
72 . 5 69 . 5  7 0. 5 ? lo 0 69 . 0 
73 . 5  69 .,4 b9o 8 7 1:-§ 68 0 0 
7 0 . 5  63 0 5  68 . 0  68 . 5  69 0 5 
69 o 5  65 ., 5 690 0 68 . 5  69 . 5 
72 . 0  66 . o 69 0 5  70 . 0 7L O 
7 0 . _5  65 . 5 7 0. 5 69 o 5  70 ., 5 
7 0 .6 �f ·b9. 2 b9., 1 7 0.I 
69. 5  ?L O 69 . 5  7J o 0  67 . 0  
69 . 0 7L 5 69. 5  73 . 0  66 . o  
67 . o  7 1- o O 68 . 5  7L 5 65 ., 5 
6'G2 '?lo O 7 0 . 5  7 . ., 5  67 . 0  
68 0 2 71. l 69;5· 72 . 2  6M. 
66 . 5  69 . 0 7 1. 0 69 0 5  68 . 5  
67 . o 68 . 5  7 0 . 0  69 . 0 68 . 0 
67 . 0  69 . 5  7 0 ,, 5  69 . 0  66 . o  
6? o 5 69 . 0 '? 0 . 5  7 0. 0 67 .,5 
67 0 0  W.o 70�5- °69:4 67:5 
66 0 5  67 ., 0 72 . •  5 67 0 5 68 . 5  
65 . 0  66 ., .5 71. 5  69 ., 0 65 0 5 
63 ., 0  66 . o  ?L O 65 0 5  63 0 0  
6Li 0 0 67 ., 5  66 0 5 65 o 5  64 o 5  
b4;6 b6o 8 7 0 0 4- bb o 9  b5A 
2500 3150 4000 5000 
65 . 0  64 . o  59 . 5  57 . 5  
66 . o  6J o 5  60 . 5 56 . 5  
64 0 5 64 .. 5 60 . 5 58 . 5  
65 . 0  64 . 5  60 . 5 58 ., 0 
bP 6TCT b0.i 57 ol) 
64 0 5 64. o  6L 5 61. 0 
65 . 0  64 . 5 60 . 5 59 . 5  
64 .. 5 65 ., 0 60. 0  59 . 0  
64 . 5 64 . 5  59 . 5  60 ., 0 
� 64 9 5  b0 .,4 59. 9 
6L1- . 5 64 . 0  58 . 0 58 o 5  
64 ., 5 64 0 5 56 . 0 58 . 0 
66 ., o 6 3 . 0 57 . 5  57 o 5  
64 . 5  63 ., 5  58 o 5 58 o 5 
� 63 ., 8 57 ., 5 58 .1 
64 . 5 64 0 0 60 ., 5 60 " 5 
64 o 5  64 . 5  59 . 5  60 ., 5 
65 . 0  65 . 0  61. 0 60 . 5  
6i+ 0 0 64 . 5  61 0 0 60 . 5  
biCs b4o5 b5:5 °60 . 5  
63 . 0  .59 . 0 54 o 0 55 . 0 
62 . 5  62 . 0  .54 . 5  5.5 . 0  
63 . 0  62 . 0  55 o 0 53 . 5  
��_Q 
61.5- 55 ., 5 54 ., 5  
J o4 fil.i 54 . 8  54 ., 5  
64· . 5  66 . 5  6 0 . 5  58 . 0  
64 . 5 65 . 0  60. 0 59o 5 
64 . o 6J . 5  59 ., 5 58 ., 5 
65 ., 5 64- . o 60 0 0 6 0 ., 0 
b476 b4:S 6oJ5 � 
67 ., 5 62 . 5  57 . 5  57 . 5  
62· .. 0 62 ., 0 59 . 0  56 . 0 
63 0 0  62 9 0 59 o 5  5? o .5  
62 ., ) 62 .. 0 ..,190 5 57 ., 5  
"63 0 8  .b2 . •  l 58� 57 ., 1 
86 
DATA SHEET IX (Continued ) 
SOUND PRESSURE LEVELS ON HEMISPHERE SURFACE 
N = identification number of microphone location ( see Table III) 












were taken ( see Data Sheet XI ) No load on engine 
4o 50 
79 . 5 
79 . 5  
79 . O  
79� 
79 .4  
Frequency (cycles per second) 
63 80 100 125 160 200 315 
63 . O 
65. 0 
64. o 
64 c, O 
64. o  
400 
62 . 0  
60. 0 
61. 5 
62 . 5  
bl. 5 
9 11. 79 . 5 84 . 0 76 . 0 72 o 5  74 o .5  78 . 5 74 . 5  68 . 0 68 . 5  67 . O  67 . 5  
9 11 78 . 5 84 . O 67 . 5  69. 5  76 . 0 76 . 5 75 . 0  68 . O 67 . 5  65 . 5 67 . 5  
9 11 78 . 5 85. 0  67 0 0 71. O 75 . 0  77 o O  75. 5 68 . 5  68 . 5  67 . 0  66 . o  
9 11 79 . O 84. o 66 . 5  72 ., 0  ?6 . o 78 . 5  75. 5 68 . o  69 . 0 63 ., 5 66 . 5  
Mean 78 . 9  84 .2 69 .i' 71. 2 75 �4 7? .b. ?5 . 1 bTI: l  68 .4  "65. 8  b6.8 
10 12 75 . 5 8O . O 62 . 5  69 .,5  73 . 5  78 . 5  73 . 5 67 . 5 65 . 0 62 . 5  61. 0 
10 12 76 0 0 8 0 0 0 6 3 C> 0 6 9 0 5 72. 0 5 7 9 0 5 7 Li, 0 5 68 0 5 64- 0 5 6 3 0 5 6 0. 5 
10 12 76 . 0 80 o 5  63 o 0 69 . 5  72 . 0 79 . 0 7J o 5  67 ., 5 65. 0 62 0 0 60 ., 5 
10 12 76 . 0 7 9 o 5 6J . 0  69 ., Q  72·., 5 Z9 o 0 73 e 5 67 . 0  64 . 5 62 0 0 62 0 0 
Mean 75 . 9 80 .6 62 . 9  69.4 72 .6 79. O 73;s � 64-� 8 62 . ., 5  bl. O  
DATA SHEET IX (C ontinued ) 
SOUND PRESSURE LEVEIS ON HEMISPHERE SURFACE 
N = identificati�n number of microphone location ( see Table III) 
TP = time period when sound pressure level readings 
87 








66. 5  
6 0. 5  
63. 5  
68. 5  
"61+:s 
Frequency (cycles per second) 
800 1000 J250 1600 2000 2500 3150 4000 
60. 0 
60. 5  





56 . 5 
58 . 0  
57 o 5 
57 . 5  
9 9 65. 5 66. o 68. 0 690 0 71. 5  77. 0  7 0o 5  65 . 0  63 • .5 58. 0 54.5 
9 9 65. 5 6 5. 0 68. 5 72 . 5  7 0. 0  74 . 5 69. 0  64 • .5 64. o  57 o 5  56 . 5  
9 9 68. o  67. 5  68 . 0 72 . 0 7 0. 5 74 . o  69. 0  64 . o  64o 0  56 . 5  54. o 
9 9 67 . 5  65. 5 69 o 5 7 0 o 5 69. 5  72 o 5  69 . 0 6J . 0  63 . 0 57 o 5 55 . 5  
Mean 6b.b b6';o 08. 5  71. 0 ·70� ;74 • .5 b9A 64:-I °6376 57Ji: 33:l 
8 10 63. 0 63. 5 67 . 0 71. 0 66. o 66 . 5  69 . 5  65 . 0  63 . 5  58 . 5  59 . 5  
8 10  63. 0 64 . o  67 . 5  72 . 5  66 .j 66 . o  66 . 5  64 . o  64 . o  60 . 5  58 . 5  
8 10 62. 5 63 . 5  68 . 0  67 . 5 68 . 0  68 . 5  68 . 5 63 . 0  62 . 0  58 . 0 59 . 0 
8 10 61. 5 65 . 0 67. 5  68. 5 67 . 5 69 . 5  66 . 5 63 . 0  63 . 5 58 . 5  59 . 0  
Mean 62. 5  b4.0 67 . 5 69. 9 b7 .o --r;r:6' b?:S 63 . 8' "6372 58 . cj 59. o 
10 12 63. 5 
10 12 6.5. 0 
10 12 65. 0 
10 12 63. 5 
Mean m:z 
88 
DATA SHESI' X 
SOUND PRE9SURB LEVELS ON HEMISPH!RE StltFACI 
H = identification nUJ1Lber ot microphone location ( see Table III) 
TP = time period when sound pressure level readings 
were taken ( aee Data Sheet XI) 8� load on engine 
TP N 0 
��o 
2 2 50 215 00 
7 1 86.5 70. 0 ?5 . 5  7? . 5  71. 0 72. 0 
7 1 65.5  88.5 10. 5  75. 0 77. 0  70.5 70. 5  8 1 86 . 5  84. 0 70. 0 75 . 5  75 . 5  68. 0  70. 0 
8 1 86. o  
� 
10. 0 74.5 76 . o  
M 
70 .• 0 
Mean 'So.I • 70. 1 75. 1 67. 5 9. 70.6 
8 2 80. 5  85. 5  69. 0 79. 0 84.5 86. 0 82. 0 78. 5 72 . 5  69. 0  72. 0 
8 2 81. 0 84.5 69. 0 ?9. 5 83. 5  86.5  82. 0  78 ., 5 ?3.5 69.5  69. 0 8 2 82.5  84.5 69  • .5 81. 0 81.5 87 o 5 80. 0 7? . 5  71. 0 68. 0  74. o 8 2 83. 0  84o 0 69. 0 82. 0  
� 
88. 0  80. 0 77 o 0  72 . 0  67 . S  73.5 Mean m:g � W-1 80.4 • 87 . 0  81. 0 77 . 9  ?2 .2  b8eS 72 o l  
8 3 as. ;  8.5 . 0  70 • .5 84.5 81. 5  a;. o 75 . 5  ?J . O 71. 0 7lo 0 71 • .5 
8 3 88 • .5 a5. o 74 . 0  a; .o  ao. o 85 .5  76 . 5  ?3 .5  71.5 69. 5  72 . 0  8 3 87 . 5  85.5  71.5 86.o  ..ai.5 85 . o ?6 . 5  73 • .5 ?2. 5  72. 0  71.5 
8 3 
� 
86.5 71. 0 84. 0 - �2 -g � 
� � 
?2 .5  71.5 ?3. 0 Mean ? . 85.5  71.8 '84:9 1. 85.2 7 . 5 ?3. 71. 9 71. 0 72. 0  
8 4 ao. 5  84.5 71.5 87. 0  90. 0 86. 5  81. 5  80.5 78 .5 72 . 0  74. 0  8 4 80. o 85.5  71. 5  87. 0  90.5 85. o 81.5 82. 0  79. 0 71. 5 ?5.5 8 4 80. s 84. 0 71 • .5 86.5  90.5 85 . 5  82. 0  81. 0 78. 0  73. 5 76. 0 8 4 
� M:� 
72. 0  86.o  90.5  
M 
82 0 0 80. 5 77 . 5  ?J. O 75 . 0  Mean • 71.6 ao:o 90.4 ; .  'S1.'"S 81. 0  78. 2 72. 5 75. 1 
8 5 86.5  85 • .5 71. 5  85. 0 82.5  83.5 76 • .5 74 . 5  72 • .5 72. 0 74.; 8 5 86. 5  85. 5  7 0  • .5 86 . o  82.5 84. o ?6 .S  75 . 0 73. 0 70o 5  74. 0  
8 5 85 .5  85.5 70.5 a5 . o 83.5 83.5 76 . 5  75. 0 74. 0 10. 5 73.5 5 86. o 
� 
71. 0 
� M �  
76 . o  
� 
� 
� � Mean ao.I 5 .5 71. 0 5 -.  3. 0 3. 7b.4 7 . 9  73.2 7 • 73. 
8 6 ao. o 83 • .5 67 . 5  78 • .5 80. 0 86. o  79 .5  74 • .5 73.5  70. 0  12 .5  8 6 81. 0 83.5  67 . 0  78 .5  80.5  86 .5  79.5 75 .5 73.5  71  • .5 74 . 5 8 6 81 • .5 84.o 68. 0  79. 0 a.o·. o  86,. 5  79  •. 5 75 .5 72 .5 66 . 5 72. 0 8 6 
� M 
67. 0  
� 
79. 0 86.�5 79. 0 75. 0 72 � 0  67 . o � Mean • J.5 � ? . 9 79. 9 � 79.4 75. 1 72 . 9 � 72. 
? 7 83. 0 87 .5  71. 0 74.5  76 .5  76 .5  72  • .5 71. 5  73. 5  67 . 0  72 .5 ? ? BJ . O 86. o  71. 0 75 .5  77. 0  76. 0 72 . 5  71. 0 72.5 68. o  73 .,5  8 7 86. o 81.5 69. 0 79. 0  74. 0  73. 0 68. 0  72 . 0  74. o  66 . o  72. 0  
? 85. 0 ar. o 
� 
� 74. 0 � 68 .5 21.!.2 � 
� 
2b..Q Mean 84.2 84. 0  9.4 7?. 0  75.4 74.5 ?0.4 71. 5  73. 1 72. 5 
DATA SHEET X (Continued) 
SOUND PRESSURE LEVELS ON HEMISPHERE SURFACE 
N = identification number · of microphone location ( see Table III) 
89 
TP = time period when sound pressure level readings · · 
were taken ( see Data Sheet XI) 80,, load on engine 
TP N too 6JO 
7 1 7� • .5 7.5 . 0  
-7 1 77 . 0  74 . o  
8 1 78. 0 72 • .5 
8 1 77 . 0  
� Mean 77 . 1 73 . 
8 2 74 • .5 74 . o  
8 2· 73 . 5 73 . 0 
8 2 78. 0 73 . 0 
8 2 78. 0 72 .5 
Mean 76. o 73 . 1  
8 3 81. 0 74. 5  
8 3 80. 5 73 . 5  
8 3 79  • .5 74 . o  
8 3 78 . 5 
� Mean 79. 9 7 . 1  
8 4 so. a 78 . 0  
8 4 79. 0 79. 5 
8 4 76 . 0  77 . 0  
8 4 76 . 0 78. 0 
Mean 77 . 8  78. 1 
8 5 81. 0 73 . 5  
8 5 81. 0 76 o O  
8 5 81. 0 77 . 0  
8 5 81. 0 75 .2, 
Mean 81. 0 75 o5  
8 6 82 . 0  76 . 5 
8 6 81. 0 75 c, 0  
8 6 82. 0  77 . 5 
8 6 8lo5 77 . 5  
Mean fil:-6 ?bob 
7 7 78. 5  77 . 0  
7 7 79. 0 77 . 5  
8 7 84.5 77 . 5 
8 7 83. 5  78. 0 
Mean 81.4 77 . 5 
�r�uenoz {eioles �er seoondJ 
lbOO 800 
74 • .5 
73 . 5 
71. 0 
71. 0 
72 . 5 
7lo 0 
73 . 0 
71. 5 
72. 0  
71 . 9 
71. 5 
7lo 5  
71 • .5 
73 .5 
72. 0  
71. 5 
71. 5 
7 0. 0  
7 0 . 0  
70 . 8 
71. 5 
69. 5 
72 . 0 
71. 0 








69 . 5  
69. 9  
1000 
73 . 0 
74. o  
72 . 0 
Zb-2 
72 . 9  
71. 5 




72 . 0 
72 . 0  
70. 5  
7 0 . 0  
7 0Q 
70.8  
72 . 5  
70. 5 
73 . 5 
.21.!>2. 
72 . 0 
7 0 . 0  
'?l. 0 
71 • .5 
71.,5 
7 :L_. O  
71. 5 
72 . 5 
71. 5 
72 ., 5 
72.0 
71. 0 
72 . 0  




73 • .5 73 . 0  73 . 5 
73 . 0 74. o  72 . 5 
71 • .5 72 . 5 72. 0 
� � 71. 0 
72. 9  73 . 0 72o 2 
73 . 5  75,. 5 70 . 5 
75 . 0 76 . 0  72 . 0 
73 . 0 75. 0 69. 0 
72 . 0 73 . 0  72. 0  
73 o 4 74. 9  7 0 . 9 
76 . 5 73 .5 71. 0 
75 ., 5  74 . o  7L O 
73 . 5 75 . 0  70. 0 
74� 74. 0 71. 0 
75 � 0 74. l 7 0. 8 
73 . 0 72 . 5 72o 5  
73 . 0 71. 0 71. 5 
72- o 5  72o_.5 '1?0oS 
7lo 0 72. 0  69� 
72 .4 72 o 0  71. 0 
74 . o 73 .5  68. 5  
73 • .5 74. o  68. 0 
72. 0  72 . 5  67 . 5 
72. 0 72.2 
� 72. 9 73. 1 . 1  
7lo 5  72. 0 7 0. 0 
72, o 5  7J o 5  72. 5 
7J.o 0 72 . 5 71. 5 
r?2, o 5 72 . 0  71. 5 
71.9 72 . 5 71Ji" 
72 . 0  72 . 5  69 .5  
72 . 5 , 71 . 5 69. 5 
70. 0 71. 5 70 • .5 
70. 5 72 oj 690 0 
7L2 72 . 0 W-6' 
�000 2200 il50 iooo 69 . 5 9 . 5  66 . 0 5. 0 
71. 0 68 .5 65 . 5  64. 5 
69. 0 67 . 5 65 . 0  63 . 5  
68 . 0  67 . 0 
� �,:g � b87f 5.2
71. 0 69. 5 65. 0 65 . 5  
69. 0 69. 0 68. 5 65 . 0  
67 . 5 69. 0 65. 5 64. 5 
69. 0 
� � � b9. l  9 .  . 9  
66 . 5 64. 5  62. 0 60. 0 
66 . 5 6.5 . 5 62. 0 60. 5 
68. o 65 . 0  60. 0 . 60. 0 
67 . 5 � 62. 0 . 60 . 0 W:-f • 9 61� .5' · �o . o 
7 0. 0 68 . 0 65 . 0 62 . 0  
69. 5 68_. 5 66 . o  64. o 
69._; 69 • .5 66 0 0 . 64 . 5 
69. 0  
� � � 69. 5 . 2  5 .5 3 . 5
67 . 0  65 . 5 62. 0 60. 0 
66 . 5  65 . 5  61. 5 60. 0 
66 . 5 65 . 5  62. 0  60. 0 
� 
66 . o  
� � m· . 1  . o  
69o 0 69. 0 64 . 5 63 .5 
68. 5 68. 0 64. o  64. o  
68 . 5 68 . 0 64:. 5  62 . 5  
68 .' 0 68. 0  65 0 0 62. 5  
b8. 5· b878 � 63. 1  
68 . 0  68 . 0 64 o 5  63. 0  
67 . 0  66 .5 64 o 5  62 . 5 
67 . 0 66 .5 6J o 5  61. 0 
67 . 5 65 . 5  63 . 5 60 ., 5 
� b6.°6 � bL8 
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DATA SHEET X (Continued ) 
SOUND PRESSURE LEVELS ON HEMISPHERE SURFACE 
N = identification number of microphone location ( see Table III) 
TP = time period when sound pressure level readings 
80% load on engine were taken ( see Data. Sheet XI) 
TP N 40 50 
7 8 81. 5 84-o O 
7 8 79 . 5  84 . 0  
7 8 81.5 83. 0 
7 8 81. 5 84. o 
Mean 81. 2  83� 
7 9 85. 5  89. 5  
7 9 83 .5 87 . 5  
7 9 85 . 0  89. 5 
7 9 
� 
89 • .5 
Mean . 9 89. 0 
8 10 80. 5  87 . 0  
8 10 80. 0  87 . 5 
8 10 80. 0 87 . 5  
8 10 80. 0 87 � . Mean 80. 1  87 • 
7 11 84. o 90. 5  
7 11 83 . 0  90 . 0  
7 11 86 . 5 90 . 0 
7 11 86. o 89 . 5  
Mean 84.9 90. o' 
7 12 83. 0 86 0 0 
7 12 82 . 0  86 . 5  
. 7 12 82 • .5 8.5 . 0  
7 12 82 o 0  86 ., 5 
Mean 82 .ri: Sb-. o 
Fre9.uenc;y:: (ci:cles :eer second) 
53 80 100 12.5 I6o 
67 . 5  78 • .5 80. 5 85 . 5 80. 0  
69. 5  78 . 0  81. 5 85. 0  80  • .5 
67 . 5 79 . 0 81. 5 86 . 5 79 o 5  
71. 0 79 . 0 80� 86 . o  80. 5 
bS:-9 78.b 80. 8 ·sJ.8 ·so:I 
72 . 5  83 . 0  86 . o  85 . 0  80 ., .5 
71 . 0 82 . 5  8J . O 85 . 5 79. 5  
72 . 0 83 . 0  85 . 5 85 . 0  80 • .5 
75 . 5  83 ., 5 86 . O 86 . o 81., 0 
72.8 83 . 0  85 . 1  85 .� 80 .,4 
72 . •  5 86 11 5  91. 5 86 ., 0 8.3 . 5 
72 ., 0 85 o 0 91. 5 85 . 5 84- . o 
72 • .5 85 . 5 91. 5 85 .. 0 84. 0 
72 ., 0 85 . 5  91.5 86 . o  84 0 0 
72 .2  85-:-6 91. :5 85 .,b 83 . 9 
73 . 0 81. 5  87 . 0  84 . 5  82 . •  5 
73 ., 0 81 " 5  87 ., 0 8.5. 0 82. 0 
73 ., 0  83 . 0  86 .5 85 . 5 80 ., .5 
72 . 5 83 . 5  86 . 5  B S  c:; 80. 5 . .  - � -'. 
72 o 9  82 .,4' si·os 85 . l 8f)J: 
7 0. 0 82, . 5  84 . 5  87 . 5  81. 5 
70. 5 82 . 0  84· o 5  3-- ,. . .  l • .  ? 82. ,, 0 
7lo 0 82 a- O 83 . 5 88. 0 82. 0 0 
7 0. 0 82, a O  8}._o 88 ., 0 81., 5 
7 0.4 82�J�: 83 . 9  8778 8L 8 
200 
76. 5 
77 . 5  
76 . 5  
77 . 0  
7b.o 9. 
78 . 0 
76 ,, 5  
77 . 5  
7'1 . 0 
77 .2 
82 • .5 
83 . 5 
83 ., 5  
83 o 5  
8J o 2  
76 . 5 
76 . o  
75 . 5  
75 . 0  
75 .• 8 
78 . 0  
78 • .5 
78 . 5  
J?. .. 2. 
78 ,, 1  
2_50 
72 . 0  
72 o 0  
72 ., 5 
72 o 0 
72 o l  
77 o 0  
76 . 0 




82 . •  0 
81., 5 
82 0 0 
81. 8 
76 . 5  
77 ., 0  
76 . 0  
77 . 0  
76.6' 
73 . 0 
73 . 5 
73 ., 0  
7 ?� 
73 .,  o 
315 400 
71.5 78. 0 
71. 0 78.5 
69. 0 75 . 0  
69. 0 76 e .5  
70. 1 77 e 0 
70.  0 72 . 0 
69.5 ?J e 0 
72 • .5 71 • .5 
· 69 ., 0 71.5 
7 0e 2 72 . 0  
75 e .5  72 o 0 
76 . o  71. 5 
76 ., 0 73 . 5  
75 ., 5  72 e 5 
75 . 8 72 .4 
73 ., 0 72 . 0 
73 ., 0 73 . 0  
?.5 . 0 70 .5 
77 . 0 71. 5  
-;-�- '71 . • 8 
71� 0 72 . 5 
69. 0 74 . o 
68 0 0 7J o 5  
6�4 
7 0., 5 
"6""90 . 72·� 
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DATA SHEET X (C ontinued ) 
SOUND PRESSURE LEVEIS ON HEMISPHERE SURFACE 
N = identification number of microphone location ( see Table III ) 
TP = time period men sound pressure level readings 
8($ load on engine were taken ( see Data Sheet XI ) 
TP N 2000 · 2500 3151) 4000 500 5000 
7 8 76. 5  73. 5 72 . 5  - 69. 0 70. 0  -- b7 . 5 64 . o  
7 8 76 . 0 72. 0 72 . 5 69 . 5 69. 0 67 . 5 64 . 5  
7 8 74. o 73 ci 5 7) o_5 71. 0 69o.5. 6($ . 5  64. o 
7 8 
ru 
72. 0 72o 0  70.·o 69 . 0  66. 5 64 . 5  
Mean 75 . 72 . 8 72); 69. 9 b9J; 'bi:o � 
7 9 77 . 5 78. 5 71. 0 '?l o O 72 . 0 73 . 5 68 . 0  6_5 . 5 66 . o  63 . 0 60 .  0 
7 9 so. a 76 . 0  72 . 0 7L.5  72 . 5 74 ., o 68 . 5 67 . 5  67 . o  63 . 5  61. 0 
7 ·9 79  .. 5 75. 5  71. 0 70 . 5  74 .. 5 75 . 0 68 . 5 66. 5 66 . 5  64 ., 0 61. 5 
7 9 79 . 5 76 . 0 71 . 5 72 . 5  74 . 5  76 . 0  69 0 0 67 . 0 67 0 0  63 . 5 61. 0 
Mean 79 . 1 7M 71.4 71� 73 )}  74J; bF;.
5 
Eb.b' 66:°b 63 . 5  b6:9 
8 10 76 . 0 77 . 5  73 . 5 76 • .5 73 o 5  74· o 0 72 . 5  71., .5 '?l. 0 67 . 5  64 .. 5 
8 10 78. 0 76 . 0  73 o 0  '?5 o 5  75 . 0 7.5 c- 5  '?2 o 5  71. 0 7 0 . 0 67 . 0  65 . 0  
8 10 78 . 5 78 . 5 73 . 5 74 o 5  73 ., 5  74 .. 5 73 . 0 7lo 0 69. 0 66 ., .5 64 . 5 
8 10 77 . 5 79. 5 73 .. 0 75 . 5 '75 . 0 74 . o  72 . • 0 7 0. 5  7 0. 0 66 . o  65 . 0 
Mean '?7 . 5  77 . 9 73 . 2  75 .5 % .. i 74. 5 72�.�c; 71.0 7 0. 0 bb.8 �5 
7 11 79 . 0 so . o 73 . 0 70 . 0 74 . o  71 ., 0 69 (1 0 6 9 . 0  66 . o  64 .. 5 60. 5 
7 11 78. 5 78 . 5 74 . 0 72. . 5  74 . 0  7 0 ., 5 7lc, O  68 . o 66 .. o 6J n 5  60 . 5 
7 11 77. 5 76 . 0 75 . 0 71., 5 7J . O  7 0 ., 5  68 ., _5 68. 5 65 . 0 64. o 60. 0 
7 11 77 . 0 76 . 5  73 . 5 71. 0 ?2. c- 0 72 . • 0 69. 0 68. o 66 0 0 63 . 5  60. 5  
Mean 78. 0 77 . 8  7 ':t. 9 71-�z' �2· 'F"i"fo' b9.4  68:i+ "65:8 E3 .9  6().4 -,,· o ( ..I . { . .b e, 
7 12 75 . 0 73 . 5 76 . 0 73 .. 5 '7:3 o 5  7l.� 0 5 73 o .5 70 • .5 68 • .5 66 . 5  64 . 5  
7 12 74 . 5 75 . 0 74 ., 5 73 . 0 71., 5 73 . 5  73 ., 5  7 0 . 5 69 . 5  67 .. 0 64. o 
7 ]2 75 ., 0 74 ., .5 74. o  72 . ., 5  ?J ., .5 75 . 0 73 ., 0  70 . 5 68 ., 5 66 . 5 65 ., 0 
7 ]2 73. 5  73 . 0 73 ., 5 74 . 5  74· ., 5  74 . 0 74 o 5  69 . 5  68 ., 0 66 . o  64 .. o 
Mean 74.5' 74. 0 74 0 )  73 ,:r+· T3 � 2 74 ., 2 73 .,b 7 0 .,i b876 -a .. 5 b4o4 
DATA SHEEI' XI 
WFATHER INFORMATION FOR PERIODS OF 
SOUND PRESSURE LEVEL R&:ORDINGS 
TP = time period when sound pressure level readings 
were taken (used on Data Sheets I through X )  
Hours = hours of the day in which sound pressure level readings 
as well as weather readings were taken 
Wind 
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TP Date Hours Temperature Barometer (direction, 
(1966 ) 
1 7-25 9: 00AM - 11: 30AM 
2 7-26 11� OOAM - 3 :  OOPM 
3 7-27 J2: JOPM - 5 : 30PM 
4 7-28 2: 15PM - 4 : 15PM 
5 8- l 2 �  J OPM - j: OOPM 
6 8- 2 9: 00AM - 11: 00AM 
7 8- 3 12 : 30PM - 5 :  OOPM 
8 8- 5 8 : JOA.M - 12: 30PM 
9 8- 9 8 :  JOA.M - 4 : 30PM 
10 8-10 9 : 30AM - 12: 30PM 











( Inches of H�) mEh ) 
28.18 SWlO 
28.14 SW4 
28 .. 20  NE? 
28 . 27 NE6 
28 0 26 NNE18 
28.46 EJ 
28 . 26 SSWll 
28. 23 NW4 
28. 29 N7 
28.26 E4 
TRACTOR SP�IFICATIONS 
1966 Ford 3000 Select-0'""8peed Gasoline Tractor 
Length 127 ' ' 
Height : 
To top of exhaust 
To hood line 
To steering wheel 
Width at 601 1  track 




83 ' ' 
54" 
58" 
211 1  
13 . 4" 








(no load ) 
Rated speed 
C ooling System : 
Number of fan 
blades 
Diameter of fan 
PTO Speed 
4 . 2 1 1  
3 . 8"  
158 cubic inches 







540 r�m @ 1800 rpm engine speed 
Nebraska Tractor Test 885 











28 . 765• Hg . 
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FREQUENCY 
SPEX!IFICATIONS FOR TYPE 1564-A 
SOUND AND VIBRATION ANALYZER 
Range : From 2. 5 cps to 25 kc in four decade ranges. 
Dial calibration: Logarithmic. 
Accuracy of C alibration : ± 2'1 of frequency-dial setting. 
Filter characteristics: Noise Bandwidth is either 1/3 octave (23% )  or 
1/10 octave ( 7% ) . · 
For both bandwidths peak response is uniform ± 1 db from 5 cps to 
10 kc and ± 1. 5 db from 25 cps to 25 kc. 
INPUT 
Impedance: 25 megohms in parallel with 80 pf ( independent of attenuator 
setting) .  
Voltage Range : 0 . 3 millivolt to 30 volts full scale in 10-db steps. 
OUTPUT 
Voltage: A t  least 1 volt open circuit when meter reads full scale. 
Impedance: 6000 ohms . Any load can be connected. 
Meter : Three scales, 0-3 volts ; o-10 volts ; -6 to +10 db. 
Recording Analyzer: Automatic range switching at the end of each 
frequency decade allows convenient continuous recording of spectra with 
the Type 1521-B Graphic Level Recorder .  
GENffiAL 
Amplitude C alibration : Built-in, feedback-type calibration system 
permits amplitude calibration at any frequency. 
Detector: Quasi-rms with three averaging times. Faster two speeds 
conform with ASA standard for sound-level meters . 
Power Requirements : Operates from 115 ( or 230) volts, 50-60 cps, or 
from nickel-cadmium battery supplied. 
Battery provides 25 hours of operation when fully charged and re­
quires 14 hours for charging. 
Accessories Supplied : · Type CAP-22 Power Cord, shielded cable , and 
Type 1564-2020 Detented Knob-and Dial Assembly. 
Accessories Available� Type 1560-P4 PZT Microphone Assembly or Type 
1560-P3 PZT Microphone for direct acoustic pickup ; Type 1560-P52 
Vibration Pickup for solid-borne vibrations ; Type 1560-P41 Audio­
Frequency Voltage Probe for voltage measurements . 
C abinet: Flip-Tilt ; relay-rack model also is available . 
Dimensions : Portable model, case closed-width 10-1/4 , height 8-1/8, 
depth 8 inches ( 260 by 210 by 205 mm), over-all ; rack model-panel 
19 by 10-1/2 inches (485 by 270 mm),  depth behind panel 6 inches 
( :L.5.5 mm) o 
Net Weight:  Portable model, 14-1/2 pounds ( 7  kg) ; rack model, 
15-1/2 pounds (7 . 5  kg ) .  
Shipping Weight:  Portable model, 23 pounds · ( 10 . 5  kg ) ; ra.ck model , 
30 pounds ( 14 kg ) . 
u. s .  Patent Nos • •  3, 012, 19'1 ,  Dl87 , 740 , 2 , 966, 247 
SPEI: ITICATIONS FOR TYPE 1552B 
SOUND LEVEL CALIBRATOR 
This device applies a known signal to the microphone and is used 
to calibrate the recorder. 
Input : 2. 0 volts, 400 cps ; total harmonics must not exceed 5% 
Output: Sound pressure level of 120 ± 1 db (above a reference 
pressure of 0 . 0002 microbar) 
95 
Accessories Required : 400 cps source with output control and voltmeter 
SP&:!lFICATIONS FOR TYPE 1521-B 
GRAPHIC LEVEL R�ORDER 
Recording Range: As supplied , 40 dB full-scale . 
For de recording , 0. 8  to 1 V ( 0. 8  to 1. 0 mA. )  full-scale, with 
zero position adjustable over full scale . 
Frequency Response and Writing Speed: 
Level Recording: High-frequency response ± 2 dB to 200 ko/s . 
Low-frequency sine-wave response depends on writing speed , as shown 
in following table : 
Writing Speed 
(approx) · in/ s ·· with 







( less than 1 dB down) 
100 
20 
7 ( 3  dB down at 4 . 5 
c/s )  
7 ( 3  dB down at 4 . 5 
c/s ) 
De Recording : 3 dB down at 8 o/s (peak-to-peak amplitude less  than 
25% of full scale ) .  
Potentiometer Linearity: 
40-d.B Potentiometers :  ± 1% of full-scale dB value plus a 
frequency error of 0.5 dB at 100 kc/s and 1. 5 dB at 200 kc/s . 
Resolution: ± 0 . 25% of full sea.le. 
Maximum Input Voltage� 100 v _ ac . 
Input Attenuator : 60  dB in 10-d.B steps. 
Input Impedance: 10 , 000 ohms for ac level recording ; 1000 ohms for 
de r�cording. 
Maximum Sensitivity: 1 mV at O dB for level recording ; 0. 8 or 1 V 
full-scale for de recording o 
Paper Speeds : 
High-speed motor ( normally supplied ) :  Paper speeds of 2. 5 , 
7. 5 , 25 , 75 in/min. 
SP:EX;IFICATIONS FOR TYPE 1521-B GRAPHIC 
LEVEL R:EX;ORDER ( continued ) 
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External De Reference : An external de reference voltage of from 0. 5 
to 1. 5 V can be applied internally to correct for variations of up to 
3 to 1 in the signal source of the system under test. 
Detector Response : Rms within 0 . 25 dB for multiple sine waves , 
square waves, or noise . Detector operating level is 1 V .  
Chart Paper: 4-inch recording width on 5-inch pa.per. All rolls 
are 100 feet long o 
Power Required : 105 to 125 or 210 to 250 V, 50 or 60  c/s , 35 w. 
Mechanical Data : Rack-Bench C abinet. 
Model Width Height . in in 
Net 
Depth Weight 
in lb kg 
Shipping 
-=--------�-------�w��t 
lb kg mm mm 
Bench 19 485 9 230 
Rack 19 485 8 3/4 225 
*Behind panel . 
U. s .  Patent - No o 2 , 581, 133 
mm 
13 1/2 350 





62 · 29 
62 29 
SP�IFICATIONS FOR TYPE 1560-P40 PRFAMPLIFilR 
Gain : 1: 1 or 10: 1  (20 dB ) ± 0. 3  dB at 25 degrees c .  Less than ± 0. 3 
dB change in gain from -50 degrees C to 55 degrees c .  
Input Capacitance :  6 pF. 
Input Resistance:  Greater than 500 M ohms at low audio frequencies. 
Output Resistance :  1: 1 gairt�approx 5 ohms. 
10: l  gain-approx · lOO ohms. 
Noise: Less th.an 2 . 5  microV equivalent input voltage (400-pF source 
impedance, C-weighted, 10-kc effective bandwidth ). 
Harmonic Distortion at Audio Frequencies : Open circuit , at 1 V ,  
peak-to-peak : less than 0.25% . 
Capacitor load of 0.01 micro F { equivalent to a cable over 200 feet 
long ) :  Maximum output (peak-to-peak) at 1% distortion is 5 V for 1 
kc/s , 2 V for 10 kc/s. 
Power Required: 15 V to 25 V ,  l mA. to 2 :mA. ,  de. 
Dimensions :  length 6 7 /8 , diameter l in. (175 ,26 mm). 
Net Weight : 9 oz (0. 3  kg ). 
Shipping Weight : 3 lb (1.4 kg ). 
Frequency Response:  at 0. 5 peak-to-peak open circuit output. 
1: 1 gain 
0 degrees C to 55 degrees C ± 1 dB , 1 c /s, to 500 ke/s 
± 0.25 dB , 3 c /s ,  to 500 kc/s 
-30 degrees C to 55 degrees C ± l dB 1 5 c/s, to 500 kc /s 
± 0 .25 dB, 20 c/s , ·  to 500 ko /s 
10: 1  gain 
-3 0 degrees C to 55 degrees C ± .3 dB ·, J c / s , to 500 kc/ s 
± 1 dB , 10 o /s ,  to 5000 kc/s 
± 0.25 dB , 20 c/s, to 250 kc/s 
NOTE 
The capacitance of the output coupling capacitor , 1 microF ± 2o%, at 
98 
25 derees C ,  may decrease to lo% of nominal value at -30 degrees C or 7 S of nominal at 55 degrees C .  This decrease in capacitance will 
affect the output level arrl/or frequency response  when the preamplifier 
99 
NOTE (C ontinued ) 
is loaded with a long cable or other than a high impedance load. 
SPEX; IFICATIONS FOR TYPE 1560-P5 MICROPHONE 
Frequency Response : Typical frequency response is flat through 4000 cps 
for parallel incidence . A correction of + 0. 5 db is required at 5000 
cps. Deviations of individual units from the typical response are 
approximately ± O . J dB from 2 0  to 1000 c/s and ± 1 dB up to about 
7 000 c/s.  
Sensitivity: -61 dB re 1 V/microbar, nominal. 
Temperature C oeffic ient of S ensitivity: Approximately -0. 01 dB/degree c. 
Internal Impedance : C apacitive ; Type 1560-P5 , 380 pF at 25 degrees C ,  
nominal;  Type 1560-P6, 425 pF at 25 degrees C ,  nominal. Temperature 
coefficient of capacitance: 2 � 2  pF/degrees C over range of O to 50 
degrees C .  
Env1ronmental Effects; Microphone is not damaged by temperatures from 
-30 to +95 degrees C and rela.ti ve humidities of O to 100]6 . 
Terminals: Microphones fit 3-terrnina.l microphone cable connector. 
For hum reduction , both microphone terminals can be floated with respect 
to ground . 
Cartridge Dimensions: Diameter 0. 936 ± 0. 002 inch ( 23 .7 mm) ; length 
1-1/8 inches ( 29 mm) o 
Net ·weight: 2 oz ( 3 00 g ) ,, 
Shipping Weight: 1 lb ( 2 ,, 2 kg ) .  
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